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 Unconventional gas hosted in the Lewis Shale, on the eastern side of the Greater 
Green River basin (GGRB), is produced from the Dad Member sandstone.  Integration of 
petrographic data of samples from different wells and depths in the Washakie basin were 
used in order to evaluate the evolution of the pore system in the Lewis Shale. 
 Core description, well log correlations, petrologic observations plus conventional 
core analysis delineates the reservoir quality of the Dad Member in the Washakie basin.  
Petrographic and SEM analyses of core samples from five wells show the presence of two 
group of samples, subarkoses and arkosic arenites. The subarkoses are related to the 
deep basinward wells and the arkosic arenites to wells near the border of the basin.  The 
petrographic data shows the presence of four diagenetic phases: 1) early clay infiltration, 
chlorite precipitation, and chemical precipitation of carbonates and silica; 2) early 
dissolution of grains, plus replacement of detrital clays, main stage of quartz and ferroan 
calcite cementation, carbonate replacement, albitization, and minor dissolution of mud 
clasts and chert +/- quartz; 3) late stage of dissolution of cements and grains; and 4) 
hydrocarbon emplacement.  
 Diagenetic trends indicate a significant enrichment of quartz and carbonate cement 
with depth, as well as clay and albite cement.  Original porosity is reduced initially by 
compactional processes and later modified by cementational processes, with the 
precipitation of silica and carbonate (ferroan calcite).  Further, the enhancement of 
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Economic recovery of hydrocarbons can be improved by increased understanding 
of reservoir quality, which is controlled by both the depositional environment and 
diagenetic processes.  The depositional environment determines the initial pore system 
distribution (porosity and permeability) as it relates to the different facies.  Diagenetic 
processes during burial modify this original pore system, and thus the capacity of the 
reservoir to host or transmit fluids. 
Oil and gas have been produced on the eastern side of the Greater Green River 
basin (GGRB) for nearly 50 years.  Production from the Lewis Shale started in 1954 when 
the Table Rock field was discovered (Ritzma, 1961).  The largest field in the area is Desert 
Springs with a cumulative production of 0.24 Tcfg.  Total cumulative production as of July 
2002, considering all the fields in the eastern side of GGRB, is 0.84 Tcfg (Pasternack, 
2002, written communication).  Doelger and Barlow (1997) estimated total cumulative 
production at 0.6 Tcfg, with 0.4 Tcfg remaining reserves and 9.7 Tcfg of potential 
undiscovered resources for the east side of the GGRB in the Lewis Shale.   Because 
Lewis production is commingled with Almond Formation production in several fields, exact 
Lewis production volumes are not available.  Nevertheless, it is clear that the Lewis Shale 
has significant gas resources and numerous companies are involved in exploration and 
production in the area.  The recognition of the long-term potential of the basin stimulated 
the creation of the Lewis Shale research project at the Colorado School of Mines. 
1.1 Background to the Project 
The Lewis Shale Project was started in 1998 by Drs. Roger M. Slatt and Neil F.  
CHAPTER I: INTRODUCTION 
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Hurley through the Petroleum Exploration and Production Center (PEPC) at the Colorado 
School of Mines as a joint research project (Hurley and Slatt, 1998).  This initiative follows 
recognition of the gas-in-place in the GGRB by the U. S. Geological Survey that estimated 
2 to 5 trillion cubic feet of reserves “hosted mainly in Cretaceous and Jurassic sandstones 
of low permeabilities and of complex depositional geometries” (Hurley and Slatt, 1998).  
The focus on the Lewis Shale is due to its potential as an emerging significant gas 
resource (Doelger and Barlow, 1997), the proposed presence of a complete petroleum 
system in a basin-centered gas deposit, and as an analog for other deep-water 
sandstones (Slatt and Hurley, 2000).  
This research is part of the Lewis Shale Project and is a continuation of the work 
began in 1998 to better understand the Lewis Shale petroleum system. 
1.2 Problem to be Investigated and Research Objectives 
Petrographic examination, performed in conjunction with porosity and permeability 
tests, provides information about the pore system evolution during burial of a sedimentary 
package (characterization of texture types, grain size, shape, sorting, orientation and 
packing as they are related to diagenetic processes and/or depositional environments). 
Scanning Electron Microscopy (SEM) studies allow evaluation of the morphology of 
mineral, non-mineral grains and matrix and the relationship of different sequences of 
crystallization among minerals (Thomas, 1992; Welton, 1984).  The relationship of porosity 
evolution and the different types of cements, in related depositional environments, is linked 
to the diagenetic processes and provides information about the controls on reservoir 
quality. 
The aim of this study is to provide a better understanding of the diagenetic 
processes during and after burial of the Lewis Shale within the Washakie basin, a sub- 
basin of the GGRB in the south-central Wyoming (Figure 1.1).  
The data base utilized for this study includes core samples evaluated with thin  





















































































































































































































































































































































































































































   
 4 
section petrography and SEM studies.  The starting point for this study is the lithofacies 
defined in former and current studies of the Lewis shale project (Witton, 1999; Goolsby 
PhD, dissertation in progress). 
1.3 Previous Work 
The Lewis Shale in the study area (Figure 1.1) consists of approximately 2500 ft (762 m) 
(Winn et al., 1985; Gill et al., 1970) of marine sediments deposited in shelf, slope and 
basin environments (Asquith, 1970).  The sediments were primarily deposited as 
submarine fans, turbidites prograding to the south from the north and east (Asquith, 1970; 
Van Horn and Shannon, 1989; Winn et al., 1985, 1987; McMillen and Winn, 1991; Pyles, 
2000) and a later source perhaps from the south (Winn et al., 1985, 1987).  Hale (1961) 
informally subdivided the Lewis Shale into the “Dad” Member (middle sandstone) and the 
Lower and Upper Shale units. 
The CSM Lewis Shale Project has focused on a detailed characterization of the 
eastern side of the GGRB.  The first phase of the project examined the architecture and 
lithofacies of the Lewis Shale. Seven completed studies relevant to the present study are 
listed below: 
Witton (1999) defined sheet and channel sandstone lithofacies with the sheets 
deposited in a basinal environment and the channels on paleo-slopes. The differentiation 
and classification were accomplished using outcrop mapping, subsurface correlation, and 
one borehole image. 
 Pyles (2000) developed a high-frequency (4th order) sequence stratigraphic 
framework for the Lewis Shale and Fox Hills Sandstone along a 73 km (45 mi) cross 
section and relates the source rock to condensed sections, describing the presence of a 
petroleum system on the east side of the GGRB. 
 Bracklein (2000) completed detailed characterization of an outcrop of the “Dad” Member 
in part of the Washakie basin, recognizing the complexity of the channels and the difficulty   
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of subsurface correlation using only well-log data. Hamzah (2001) recognized thirteen 
sand bodies using subsurface well-log correlations for the Washakie basin. Her work is 
based on unpublished cross sections provided by Lee Shannon. 
Zainal (2001) studied the subsurface geology and the petroleum system of the 
Lower Lewis in a portion of the Sand Wash basin, and proposed the presence of a 
complete petroleum system.  
Maglio-Johnson (2001) defined seven flow units in the CSM Stratigraphic Test #61 
well based on petrophysical data, including porosity and permeability measurements, 
using a neural network approach. 
Minton (2002) performed an analysis of core, well logs, and a borehole image plus 
limited seismic data to extend the section of Pyles (2000) into the Sand Wash basin to the 
south. 
A number of studies of the Lewis Shale are ongoing. These include: 
Goolsby (Ph.D. dissertation, in progress) is conducting a detailed analysis of the 
stratigraphic and petrophysical properties of the Lewis Shale in the Stratigraphic Test # 61, 
drilled behind the outcrop mapped by Witton (1999).  He has completed the 
characterization of eight lithofacies, and determination of the petrophysical attributes of 
these lithofacies is in progress. 
D’Agostino (M.S. Thesis, in progress) is developing a petrographic characterization 
of the diagenetic evolution of the Dad Member of the Lewis Shale, using four wells and 
outcrop samples coupled to a burial history model.  This is the only work of this nature in 
the area. 
 Suryanto (M.S. Thesis, in progress) is building a 3-D geologic model for the Lewis 
Shale in the Washakie basin. 
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Pasternack (Ph.D. Dissertation, in progress) is working on the characterization of 
the complete petroleum system on the eastern side of the GGRB. 
Published studies on reservoir quality in adjacent areas are few.  Weaver (1961) 
studied the relative variability of illite, kaolinite, montmorillonite, chlorite, and mixed-layer 
illite-montmorillonite in the Washakie basin.  Mineral assemblages were related to either 
marine or continental depositional environments, as well as to burial depth.  Brown et al. 
(1981) performed reservoir modeling of the Lewis Shale in the Hay Reservoir area (Great 
Divide or Red Desert basin) to evaluate individual well deliverabilities and associated 
reserves.  Van Horn and Shannon (1989) reported compositions and associations of the 
submarine fan deposits of the Lewis Shale in the Hay Reservoir as well as their diagenetic 
history.  Other diagenetic studies in the area include the work of Stone and Siever (1996).  
They quantified compaction, pressure solution and quartz cementation using samples 
from moderate to great burial depth including thermal history data in order to understand 
the diagenetic trends on a basin-wide scale in the GGRB. 
1.4 Data Base and Methods to Complete the Study Problem  
The data base for the characterization of diagenesis of the Lewis Shale and the 
relationship of diagenesis to the different recognized lithofacies includes conventional well-
logs (digital and raster images), core description, conventional core analyses, and 
petrologic samples.  Fifty-one well logs distributed along two cross sections provide the 
information about the stratigraphic context.  The different lithofacies were sampled and 
described visually in eight wells.  Conventional core analyses, for two wells, provide 
helium porosity and air permeability values.  The diagenetic processes are described by 
assessing the porosity types, compaction, cementation and the paragenetic sequence in 
thin sections and using SEM.  
1.4.1     Available cores and Logs 
The different lithologies and descriptive features of the Lewis Shale were examined  
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visually in eight cored wells (Figure 1.2), four of which were sampled.  For petrologic 
analysis, the thin section data in this study also includes a fifth well, the CSM Strat Test 
#61.  Lithofacies identification and interpretation of the depositional environment follows 
the facies model defined by Witton (1999), and later modified by Goolsby (Ph. D. 
dissertation, in progress). 
Two cross sections, one E-W including 32 wells and the second N-S with 19 wells 
(Figure 1.2, Appendix A1.1 and A1.2) were completed in order to determine the 
stratigraphic relationships of the sampled intervals.  The E-W cross-section is based on a 
USGS section (Hettinger and Kirschbaum, 1991).  For stratigraphic correlations, PetraTM 
computer software (Petra Inc.) was employed.  Before the correlation processes, the 
raster log images were calibrated using LogSleuthTM  (Migt Software Inc.), and then loaded 
into PetraTM.  Digital logs also were employed; nevertheless, they were not corrected 
(depth shifted and normalized), because for the purpose of this study it was considered 
unnecessary.  The logs used were mainly gamma ray and resistivity where available; 
otherwise spontaneous potential and density logs were used.  The correlation commenced 
with selection of a datum, and then the different facies successions and stratigraphic 
cycles were identified and correlated between wells.  To ensure accurate correlations, the 
datum was changed several times in order to produce a consistent pattern.  A more 
detailed correlation of the most prominent sandstone beds of the Lewis Shale interval, 
based on tops identified by Lee Shannon was then performed.  
1.4.2     Porosity and Permeability Measurements 
Pore size distribution in the CSM Strat Test #61 well has been quantified by capillary 
pressure tests (Maglio-Johnson, 2000).  Porosity and permeability, from standard plug 
analyses from two wells, were included in the evaluation by comparing the petrophysical 
properties with the petrographic values.  In addition, these results are compared with 
analyses of the Hay Reservoir area in order to define similarities or dissimilarities among 
the data. 
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1.4.3     Petrologic Studies 
Thin section petrography and SEM are part of a systematic petrographic study of 
selected core samples from the Lewis Shale (Figure 1.2).  This study examined the 
mineralogy, textural relationship, pore types, and their relationship to the defined lithofacies 
as well as their diagenetic features. 
SEM analysis was used to determine the three-dimensional geometry of grains 
and the pore system structure at great magnification (10x to 20,000x).  It was employed to 
complement thin section analysis in order to gain more detailed information for the 
characterization of the porosity and paragenetic sequence including the development of 
the different cements (clays, carbonate and quartz). 
The integration of the detrital mineralogy, cements and their evolution during burial, 
as related to the composition and lithofacies, are employed together with petrophysical 
results to evaluate the reservoir quality. 
1.5 Research Contributions 
The main contribution of this research is the characterization of the reservoir 
quality of the Middle Lewis Shale in the Washakie basin. 
Individual findings are: 
• Petrological studies, which relate petrographic and petrophysical data to the 
different lithofacies, define the presence of two groups of samples with distinct 
detrital composition.  They evolved within the same diagenetic history, which is 
characterized by four major diagenetic phases. 
• Two dominant cement types, calcite and quartz, are present.  Both cements 
increase with depth. 
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• A general trend of porosity reduction with depth, caused mainly by compaction is 
noted, with late development of secondary porosity.  Porosity increases mainly by 
dissolution of mud intraclasts, cherts, and feldspars. 
• Calcite occurs as detrital grains, early replacement and late cement that locally 
forms a poikilotopic texture. In addition, a decrease in carbonate detrital content 
with depth is apparent.  
• Authigenic clay comprises early chlorite and late illite-smectite that is dominant in 
deeper levels of basin-ward wells, and minor kaolinite (at generally shallow depth 
or outermost part of the basin). 













   
 11 
This study is focused in the Washakie basin. It lies on the south of the Wamsutter 
Arch, a Laramide structure (late Cretaceous to early Eocene), east of the Rocks Springs 
uplift, west of the Sierra Madre Mountains and north of the Cherokee Arch (Figure 2.1).  
The Washakie basin covers approximately 2,675 km2 (1,650 mi2).  It is topographically and 
structurally asymmetrical, with its deeper portion in the south-southwest, where the 
deepest top of the Lewis Shale occurs at 4.5 km (14,000 ft).   
The Lewis Shale is the uppermost formation of the Cretaceous in south-central 
Wyoming (Figure 2.2).  It was deposited during the last major cycle of transgression and 
regression of the Western Interior Seaway of North America (Weimer, 1960, 1970; Love et 
al., 1961; Kaufman, 1977; Rice, 1983; Winn et al., 1985, 1987).  The Lewis Shale in the 
Washakie basin is younger than the Lewis Shale described at the type locality in 
southwestern Colorado (Weimer, 1960).  Its name is preserved because of long traditional 
usage in the region (Gill et al., 1970).  Transgressive sediments in the area were 
deposited during the Baculites sp. interval of the Western Interior biostratigraphic zonation 
(Lower Maastrichtian, Winn et al., 1985, Kennedy et al., 1998).  The maximum extent of 
the transgression was to the west and north of the Rock Springs Uplift and the Wind River 
basin (Winn et al., 1985). 
1.6 2.1     Structural Geology 
The Cretaceous GGRB is considered a Rocky Mountain foreland basin.  The term 
foreland basin describes a sedimentary basin between an orogenic belt and the adjacent 
craton (Allen et al., 1986).  Dickinson (1974) pointed out that thickening of the crust 
CHAPTER 2:  GEOLOGICAL SETTING 
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Figure 2.2 Generalized stratigraphic column showing Upper Cretaceous formations 
present in the Washakie basin.  Modified from Love et al. (1993).  Biozonation and 
geochronology from 40Ar/39Ar Ages are indicated by *.  Remaining values in bold are 
interpolated between dated levels assuming equal time of duration of biozones 
(Obradovich, 1993).  Tertiary and Quaternary ages are from GSA (1999).  Local 
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causes loading, and is the driving mechanism of subsidence for foreland basins.  Other 
postulated forms of subsidence in foreland basins include sublithospheric loading and 
cooling related to low-angle subduction of oceanic crust (Cross and Pilger, 1978). 
1.7 2.1.1     Regional Structure 
The Rocky Mountain foreland basin was formed after a change in the tectonic 
regime during the Late Jurassic.  At this time, Atlantic Ocean opening was initiated which 
resulted in westward movement of the North American plate.  North America overrode the 
Pacific plate causing subduction.  This subduction event is believed to be responsible for 
the Sevier orogenic episode (Gries, et al., 1992; Baars et al., 1988).  
 This tectonic event was characterized by progressive eastward pulses of 
compression, and development of an elongated thrust belt.  Intrusive and extrusive activity 
to the west of this belt was accompanied by shortening of the cratonic crust.  The volcanic 
products are represented in the basins by “widespread altered ash beds and porcelaneous 
shale” (Rice, 1983).  
Gries et al. (1992) stated that at approximately 81 Ma, the Laramide orogeny was 
superposed on the Sevier orogeny, with an east-west compressional stress that rotated in 
a counterclockwise direction.  During the Paleocene, the principal stress continued in a 
more northest-to-southwest direction, changing towards a north-south direction in the early 
Eocene.  The evolution of the compressional stress has generated north-south trending 
folds axes and faulted folds that later were eroded.  At this point, the Washakie basin 
together with the Rock Springs uplift began to form, along with prominent active strike slip 
zones (i.e., Baxter-Rawlins wrench, Medicine Bow wrench). 
It appears that the east and west flanks of the Washakie basin were formed at the 
end of the Sevier orogeny and at the beginning of the Laramie orogeny.  “Closure” of the 
basin occurred in the Eocene when the Wamsutter and the Cherokee arch were formed, 
producing the present morphology and associated structural elements (Figure 2.3).  






















































































































Figure 2.3 Major tectonic and structural elements of the Greater Green River basin and 
adjacent areas (after Minton, 2002; Baars et al. 1988, and Karlstrom et al. 1988). 
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1.8 2.1.2      Local Structure 
 Foreland basement-involved features include important hydrocarbon 
accumulations with most major fields located on the broad crests of these structures (Mitra 
and Mount, 1998).  The Washakie basin hosts gas and oil fields in the Lewis Shale (Figure 
2.1) that are structurally controlled in the south of the Washakie basin and east of Rock 
Springs (i.e., Cherokee Ridge, Table Rock fields), and stratigraphically controlled to the 
north of the Washakie basin (Wamsutter arch, Desert Springs) (Hale and Skeeters, 1972; 
Doelger and Barlow, 1997).  
During the Laramide orogeny, structures evolved with shifts in major faults from 
north-south to northwest-southeast and east-west trends.  Uplift helped the growth of 
thrust faults, which are responsible for the present configuration of the landscape (Figure 
2.3, 2.4).  East-west faults became part of a wrench fault system (i.e., Baxter Rawlins 
wrench and Medicine Bow wrench) that started the development of the Washakie basin 
and favored the late growth of uplifts and arches such as the Cherokee and Wamsutter 
arches. These enhanced fracturing during later reactivation and facilitated the 
accumulation of hydrocarbons. 
 The structural setting of sub-basins in the GGRB includes the presence of a set of 
northeast-trending faults that intercept the Rock Springs uplift and extend towards the 
Wamsutter arch. These structures are shallow and did not affect the Lewis Shale (Doelger 
and Barlow, 1997).  Thrust faults developed mainly on the western side of the Washakie 
and Great Divide basins (Figure 2.4) are also present at the east and south of the 
Washakie basin, reflecting the uplifting of the Sierra Madre and the Uinta Mountains; 
probably during late deposition of the Lewis Shale.  This is inferred from the changes in 
thickness at the western and southern margins of the Washakie basin (Figures 2.6 and 
2.7), and the difficulties in correlating particularly the upper part of the Dad Member of the 
Lewis Shale (Minton, 2002). 
 In summary, the complex faulting, started with thrusting, uplifting and later wrench 
faulting related to the Laramide orogeny, together with changes in sea level are primary 
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controls on the formation of the basins and the deposition of sediments during the late 
Cretaceous. 
1.9 2.2     Stratigraphy 
Sedimentary units of Upper Cretaceous age in the Washakie and Great Divide 
basins are primarily siliciclastic (sandstone, siltstone, shale, and minor bentonite), 
deposited in a coastal and marine setting.  Tertiary units also are siliciclastic with a greater 
percentage of evaporites compared to the Cretaceous units. 
1.10 2.2.1     Regional Stratigraphy and Sedimentology 
 A generalized stratigraphic column of the Washakie basin showing the 
heterogeneous nature of the Lewis Shale is presented in Figure 2.2.  The Lewis Shale has 
conformable lower and upper contacts that overlie and interfinger with the Almond 
Formation and underlie and intertongue with the Fox Hills and Lance Formations (Gill, et 
al., 1970; Van Horn and Shannon, 1989), respectively.  This reflects the variation in the 
position of the shoreline due to the transgression and regression of the interior seaway. 
The Lewis-Almond contact is easily recognizable in well logs from the Washakie 
basin area and represents a transgressive surface of erosion.  The Lower Lewis consists 
of black shale, including bentonite beds that may be associated with volcanic activity 
related to a transgression, which suggest a tectonic link  (Kauffman, 1977). The 
transgression reached a maximum in the Upper Cretaceous. The Dad Member is 
composed of very fine to fine-grained sandstone that includes minor, thin shale beds; this 
sandstone unit has been interpreted as deltaic deposits (Asquith, 1970; Perman, 1987) 
and as turbidites (Winn et al., 1985, 1987).  The Upper Lewis consists of a dark gray shale 
and silty sandstone deposited in a shallow marine environment; it interfingers with the 
sandstones of the Fox Hills Formation.  The Tertiary Formations above the Lance (Fort 
Union, Unnamed Upper Paleocene unit) are bounded by unconformities at their bases and 
tops.  In turn, they are overlain by the Eocene Wasatch and Green River Formations,  
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which are covered by recent continental deposits (Appendix A.1.1 and A1.2). 
1.11 2.2.2 Local Stratigraphy and Sedimentology 
The Lewis Shale in the Washakie basin is approximately 762 m (2500 ft) thick 
(Winn et al., 1985, Gill et al., 1970).  It has an easily recognizable lower contact (abrupt 
change from Almond sandstone to Lewis Shale defined by change from low to high 
gamma ray values).  The Lower Lewis was deposited during the Baculites eliasi and 
Baculites grandis ammonite biozones (Perman, 1990).  It is generally black carbonaceous 
shale without clear lamination, but locally displays contorted layers and contains minor 
interbedded siltstone and very thin sandstone beds of lower-to-upper, very fine grain size.  
These sedimentary units can be interpreted as bioturbated marine shale, or highly 
dewatered marine shales.  Part of the Lower Lewis, informally named the Asquith marker, 
defines the maximum flooding surface and is interpreted as a third-order condensed 
interval (McMillen and Winn, 1991; Pyles, 2000).  It is a carbonaceous shale, with an 
average thickness of 18 m (6 to 28 m range; 60 feet, 20 to 90 ft range) and a relatively 
high organic content (Pyles, 2000).  In this study, an average of 120 m (395 ft) was 
defined along both cross sections for the Lower Lewis, with a maximum value of 160 m 
(525 ft) present in the Damuth 1-30 (020 N-099W-30 NE SE) in the Desert Spring West 
Field.  
The Middle Lewis or “Dad” Member was deposited during the Baculus grandis and 
probably continued into the Baculites clinolobatus ammonite biozone (Perman, 1990).  It is 
a dominantly lower very fine-to-fine grain sandstone package interbedded with minor shale 
beds, grayish to locally whitish in color, probably with clays that are a product of alteration 
of bentonites (Van Horn and Shannon, 1989).  The thicknesses reported for this Member 
are variable; according to Hale (1961), it varies from 305 to 427 m (1000 to 1400 ft) in the 
Rawlins area. Perman (1987) reported thickness of 136 to 221 m (445 to 725 ft) on the 
south-southeast side of the Rawlins area with a maximum thickness in the Washakie 
basin of 397 m (1302 ft) (Perman, 1987, 1990).  In this study, the thickest portion is 
present in the E-W cross section with a value of 382 m (1252 ft) present in the Duck Lake  
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well (016N-093W-01 SE NW SE) in the Barrel Springs field (northeast of CSM Strat Test 
#61). 
The Upper Member consists of a dark gray shale and silty sandstone with an 
interfingered contact with sandstone of the Fox Hills Formation.  The contact has been 
placed where the first sandstone appears after a continuous shale interval.  The average 
thickness is 512 ft (156 m) in the E-W cross section and 693 ft (211 m) in the N-S south 
cross section.  
The mechanisms of deposition of the Lewis Shale are those of water-supported 
and gravity-driven flows.  Following the classification of the dominant particle support 
mechanism, the flow rheology (Collinson and Thompson, 1982) and whether they are 
laminar or turbulent (Lowe, 1979, 1982); the types of mass-flows present in the Washakie 
basin and surrounding areas are turbidity current, debris flows, liquefied flows (fluidized 
flows) and mud flows.  Witton (1999) and Goolsby et al. (2001) also recognized the same 
mechanisms of deposition for the Lewis Shale in the study area.  Bracklein (2001) 
recognized high density and low-density turbidite currents in the area. 
1.12 2.2.3 Lithofacies Types, Identification and Interpretation 
Lithofacies refers to “a facies characterized by particular lithologic features”.  It is “a 
lateral, mappable subdivision of a designated stratigraphic unit, distinguished from 
adjacent subdivisions on the basis of lithology, including all mineralogical and petrographic 
characters and those paleontologic characters that influence the appearance, composition, 
or texture of the rock” (AGI, 1997).  A sedimentary facies refers to “a body of rock 
characterized by a particular combination of lithology, physical and biological structures 
that bestow an aspect different from the bodies of rock above, below and laterally 
adjacent” (Walker, 1992).  Thus, the changes in facies reflect changes in conditions of 
deposition, which in turn are reflected in variations such as the depositional setting, stratal 
geometry and sedimentary structures.   
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 Lithofacies identification and interpretation of their associated depositional 
environment in the Lewis Shale have been completed by Witton (1999), Goolsby (2001) 
and Bracklein (2001).  Witton (1999) identified four major lithofacies in outcrop 
approximately 29 km (18 mi) north of Baggs; the lithofacies are described as: LFA 
(continuous thick-bedded sandstones), LFB (discontinuous thick-bedded sandstones with 
rip-up clasts), LFC (thin bedded sandstones), and LFD (thin bedded laminated mudstones 
and shale).  The LFD is subdivided in LFDa, LFDb and LFDc, whether they overlie 
lithofacies LFA or LFB, and separated sandstones of LFC, respectively.  To these 
lithofacies, Goolsby et al. (2001) added three new subdivisions, identified in the CSM Strat 
Test #61 well.  They are LFAch (discontinuous thick-bedded sandstones, channels 
dominated by turbidite deposits) and LFAd (continuous carbonaceous-rich thick-bedded 
sandstones, distal sheet sandstones), and LFDt (laminated carbonaceous mudstones, 
fourth-order transgressive shales).  In addition, Goolsby et al. (2001) in their description of 
lithofacies did not recognize some of the lithofacies defined by Witton (1999), because 
they were not present in the core of CSM Strat Test #61 well.  On the other hand, 
BrackIein (2000) recognized six lithofacies, in outcrop, south of Witton’s thesis area, with 
two primary types named high-density turbidite current (HDTC) and low-density turbidite 
current (LDTC).  The other four are mudstone, slump, debris and a highly organic-rich, 
thin-bedded facies.  The Bracklein (2000) and Goolsby et al. (2001) classification schemes 
of lithofacies are genetic and process-oriented, with mixed designations (descriptive and 
interpretative).  Additionally, in the Goolsby et al. (2001) scheme, only the use of borehole 
imaging logs can help to differentiate between some of the lithofacies  (i.e., LFA and 
LFACh; Goolsby, personal communication).  Thus, they do not follow the strict definition of 
lithofacies. 
The following section explains the designation of samples by lithofacies, which 
follows lithofacies as defined by these authors, unless otherwise stated.  In general, the 
lithofacies used comprise sheet sandstones (LFA), channel sandstones (LFB), and thin 
evenly laminated interbedded siltstones, mudstones and shales (LFD).  These different 
lithofacies are believed to reflect three major depositional environments, a slope apron, 
basinal or toe of slope sheet sandstones, and basinal shales, respectively.  
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Lithofacies A (LFA) comprises sandstone of lower to upper fine grain, tan to buff in 
color (in outcrop), including Bouma Ta-Tc sequences and rare Ta-Te sequences.  Other 
lithologic structures include flame, load, dish structures, and dewatering features; some 
intervals are structureless with scour surfaces defining the contacts of amalgamated beds.  
Plant debris, leaf imprints, and rare wood fragments plus very sparse thin organic-rich 
layers are present.  This lithofacies is interpreted as laterally continuous sheet sandstones 
deposited in an unconfined setting under turbidity flow conditions with accumulation near 
the toe of slope or in a more intra-basinal setting. 
Lithofacies ACh (LFACh) sandstones are lower very fine to upper fine grained with 
shale clast conglomerates at the base that are sequentially overlain by amalgamated Ta 
Bouma intervals, forming nearly structureless beds and then by more complete Ta-Tc or 
Ta-Td ± Te sequences. Sedimentary structures include flame structures, floating shale 
clasts, and occasional parallel laminated sandstones and siltstones. Carbonaceous 
material and plant debris also are present.  This lithofacies is interpreted to represent thick 
amalgamated beds, channelized facies deposited in confined settings, occurring near the 
toe of slope and in more basinal settings. 
Lithofacies Da (LFDa) consists of interbedded laminated mudstones, siltstones 
and shales associated with LFA beds, including ripple drift lamination and graded bedding.  
In core, thin discontinuous siltstones and silty sandstones with occasional ripple 
laminations and soft sediment deformation are present locally, as well as carbonized plant 
debris.  This lithofacies is interpreted to be suspension hemi-pelagic and pelagic fall-out 
deposits, a product of a long time of deposition in a more basinal and toe of slope setting.  
Lithofacies Dt (LFDt) is clay to silt sized mudstones. They include plant debris, fish 
scales and ammonite fossils Baculites sp.  This lithofacies is characterized by thin 
laminations and local soft sediment deformation. These deposits are interpreted to 
represent fourth-order condensed sections (Pyles, 2000).  
 In this study, the classification scheme of Goolsby and Witton is used for 
informational purposes, in order to relate the petrographic observations to lithofacies.   The  
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different characteristics of lithofacies defined by Witton (1999), and modified by Goolsby 
(2001) are shown in Figure 2.5.  These include some descriptive features from Bracklein 
(2001) and are summarized in Table 2.1. 
1.13 2.2.4 Core Description, Sampling and Well Log Correlation 
Eight cored wells were described (Appendix 2.1-2.4), and four of them were 
sampled for petrographic analyses. As mentioned previously, the thin section samples 
also include the CSM Strat Test #61 well; the other four wells are 1-USA Amoco, Cepo 21-
18, 10 Triton, and Powder Mountain 1-13E.  They represent a total of 100 m (340 ft) of 
core from the Dad Member of Lewis Shale.  Thirty thin section samples were collected 
from these five wells and described in detail.  The number of samples per well represents 
the relative percent of each lithofacies, in each well.  Table 2.2 summarizes the lithofacies 
types and their thicknesses present in the described wells including the CSM Strat Test 
#61 well.  Samples were collected considering the distribution of facies, the location of 
interlayered carbonaceous and siltstone beds, and textural changes.  
 Two detailed stratigraphic cross sections, one east-west and one north-south, were 
completed for the Lewis Shale interval (Figures 2.6 and 2.7).  Their construction follows 
the correlation scheme of Shannon (2002).  He correlated the different shale intervals and 
defined the presence of different sandstone bodies assigning to each of them a color for 
identification.  The correlation of the sandstone bodies in the east-west cross section 
indicates the general strike direction, whereas the north-south section shows the dip 
direction (Figures 2.6 and 2.7, respectively). These sections include the sampled 
sandstone and shale units (for petrographic and geochemical analyses, respectively).  The 
east-west cross section shows an increase in thickness of the different sandstone bodies 
on the eastern side and the pinch-out of some sandstone bodies on the western side.  The 
upper parts of the Dad Member in both directions (north-south and east-west) are difficult 
to correlate, particularly the purple and blue sand units and to some degree the brown 
sandstone. 
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This chapter describes the petrography of the samples and their petrographic 
characteristics in terms of compaction, cementation and dissolution processes.  These 
physical and chemical variations are related to burial of the sandstones, from deposition to 
deep burial.  Their cumulative effect is reflected in the present day reservoir quality. 
1.14 3.1     Sandstone Petrography 
Thirty thin sections from five wells were described and compositional modal 
analyses were derived from counting 300 locations per thin section.  At some of the 
locations no grains, and no blue epoxy was present; they are believed to represent 
plucked out grains, and thus they are not included into the normalization of data.  The 
degree of sorting was estimated by comparison to Beard and Weyl (1973) charts.  The 
tight packing index (TPI) (Wilson and McBride, 1988) was determined for selected 
deeper samples by noting the type and number of contacts per grain for 20 random 
grains.  Dissolution of detrital grains, cements and matrix were evaluated by counting the 
amount and types of secondary porosity. 
 The sampled zones are from five sandstone bodies in the upper part of the Dad 
Member.  The sandstone bodies correspond to the color scheme defined by Shannon 
(2002).  Samples from the Cepo 21-18, Powder Mountain 1-13E and 10-Triton wells are 
from the light blue sand unit.  Samples from the CSM Strat Test #61 are in the light blue, 
purple and light green sandstone bodies, and the samples from the 1-USA Amoco well are 
from the brown and blue sandstone units (Table 3.1, Figures 3.1 and 3.2).  The different 
lithofacies were found in different sandstone intervals, but no specific relationship could be 
defined due to the limited amount of cored interval.  For the CSM Strat Test #61 well, the  
CHAPTER 3:  DIAGENESIS AND RESERVOIR QUALITY  































































































Figure 3.1 Schematic E-W structural cross section showing the sandstone bodies and 
the sampled zones of the Dad Member interval of Lewis Shale in the Washakie basin. 
Blue line is a reverse fault in front of Rawlins outcrop.  Black dashed lines are coal 
beds.  The line of section is shown in Figure 1.2. 
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Figure 3.2 Schematic N-S structural cross section showing the sandstone units and the 
sampled zones of the Dad Member interval of Lewis Shale in the Washakie basin. LW, 
lower Lewis; ML, middle Lewis (Dad Member) and UL, upper Lewis.  Black dash lines 
are coal beds.  The line of section is shown in Figure 1.2.  
49037219240000AMOCO PROD COCHAMPLIN 2571ELEV_KB : 7,3445W 33 C SW4 037 19600000AMOCO PROD COH PLIN 292 AM CO1ELEV_KB : 6,9108N 0 5W 33 C SW4 037234040000AMOCO PROD COSOUTH RIM UNIT1ELEV_KB : 6,930017N 095W  C SW49037218980000AMOCO PROD COEMIG ANT T AIL UNIT6ELEV_KB : 6,9961 N 095W 07 SE NE SW49037214760000AMOCO PROD COSA MOC U #11ELEV_KB : 6,9711 5W 8 E SW NE490 7208040000AMOCO PROD COH P IN23 AMOCO A1ELEV_KB : 7,01817N 95W 2  NE SW SW49 3723 69000ION PACIFIC RES COILLOW RESERVOIR UT12016N 95W 07 SW  N49037230820000AMO O P OD COWILLOW UNIT116 0 5 8 NE  NW49 37230920000ELSIUS ENERGY COMPANYJ EP RAIL3016N W 5 E SE SE49037219900000AMINOI  USA INCC NTURY FEDERAL1 2ELEV_KB : 6,635015 9 W 02 NW SE NW49037242370000OG RESPOWDER MOUNTAIN UNIT1 13E14N 96 13 E SE N 9037224040000EXXO  CORPORATIOND SERT R SE FEDERAL1ELEV_KB : 6,50414N 96W 3 NW W SE49 7241850000ON OI  & GAS COMPANYCEPO LEWIS21 ELEV_KB : 6,43714N 95 8 NE W SW49037224700000APACH  CORPORATIONIM UNIT3 16ELEV_KB : 6,471014N 95W 3 E SE SE49037219220000H P C INCORP RATEDTRIT  UNITELEV_KB : 6,56213 095W 8 NE NW NE490 217410000G TTY OIL COMPANYCPHERSON SPRINGS14 2EL V_KB : 6,2431 N 0 4 14 W W E49037223170000DAVIS IL COMPANYEW OO UNIT1ELEV_KB : 6,13 095 13 W  SW SE
C o r e d  in t e r v a l =1 0 7 3 0 - 1 0 8 2 2 .
M a y  n o t  b e  e x a c t
C o r e :  1 0 4 5 5 - 5 0 5 .  D e s c r ib e db y  E d d y  O .  E s c a la n t e .
Lewis Shale Study in the Greater Green RIver Basin
S=1024
PETRA 10/23/2002 12:56:43 AM (Eddys N-S 020628 Edited LAST.CSP)
Cepo 21-Powder Mt 1-13E 
10-Triton  









Lance Fm  










          
 1     2     3    4      5    6     7     8     9    10  12  13   14   16   18   19  20 
   
 33 
lithofacies are those recognized by Goolsby et al., (2001).  For the other four wells (1-USA 
Amoco, 10-Triton, Cepo 21-18 and Powder Mountain 1-13E), the recognition of lithofacies 
was accomplished following the schemes of classification of Witton (1999) and Goolsby et 
al., (2001).  The core samples, depth, associated lithofacies and sandstone units are listed 
in Table 3.1, and their location is shown in Figure 1.2. 
The samples were prepared at CSM.  The thin sections are approximately 30 
microns thick, and are prepared from 1” diameter plug ends.  Blue epoxy, under vacuum 
impregnation, and cobaltinitrite staining were used to highlight the different types of 
porosity in the sample fabric and to aid in the identification of feldspars, respectively.  A 
detailed description of each sample is presented in Appendix A 3.1.  In Table 3.2, the data for 
the percent abundance of detrital framework grains, matrix, cements and porosity types are 
presented.  The raw point count data are presented in Appendix A3.2. In Appendices A3.3 
to A3.8, the range and average variation of detrital and authigenic components is 
presented.  
1.15 3.1.1     Mineralogical Composition and Texture 
The petrographic composition of the Lewis Shale samples is variable.  Using the 
Pettijohn et al. (1972) scheme of classification, the data of Pryor (1961) has a lithic arenite 
composition for one sample.  Brown et al. (1981) determined subarkose and sublitharenite 
composition from 14 samples in two wells in the Hay Reservoir area, whereas Van Horn 
and Shannon (1991) reported mainly subarkoses and minor arkosic composition for the 
same sampled wells (Unit #5 and unit #11 in the Hay Reservoir).  Hickling (1991) reported 
compositional analyses for the Fox Hills sandstone from 102 outcrop samples and referred 
to them as litharenites in the Folk classification. 
The modal detrital compositions in the study wells (Table 3.3) are subarkoses and 
arkosic arenites using the classification scheme of Pettijohn et al. (1972).  The deeper 
samples (Cepo 21-18, 10-Triton and Powder Mountain 1-13E Wells), dominantly from  
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Table 3.3 Percent abundance of compositional parameters by lithofacies types.  
Values are normalized to100% volume, are grouped following the Pettijohn et al. 
(1972) and Folk (1974) classifications.   
Pettijohn et al. (1972) Scheme of Classification  Parameters:  
Q = Quartz (Qm, Quartz Monocrystalline + Qp, Quartz Polycrystalline + Ch, Chert); F = Feldspars (K, K-
feldspar + P, Plagioclase); L = Lithics (Ls, Lithic Sedimentary + Lv, Lithic Volcanic + Lm, Lithic 
Metamorphic+ Cb-D, Carbonate detrital + MC, Mud Clast). 1st Phi = primary porosity (ITER, intergranular 
portosity); 2nd Phi = Secondary porosity (ITRA, Intragranular porosity + Frac, Fracture porosity + D-g, 
Dissolution of grain, D-c, Dissolution of cement + Mphi, Microporosity). %Q, %F and %L = Normalized 
values.  
 
Folk (1974) Scheme of Classification  Parameters: 
Q* = Quartz (Qm, Quartz Monocrystalline+ Qp, Quartz Polycrystalline); F* = Feldspars (K, K-feldspar + 
P, Plagioclase); L* = Lithics (Ls, Lithic Sedimentary + Lv, Lithic Volcanic + Lm,  Lithic Metamorphic+ Cb-
D, Carbonate detrital +  MC, Mud Clast + Ch, Chert). %Q*, %F* and %L* = Normalized values.  
 
Various= Mus, Muscovite+ Bio, Biotite+H, Heavy minerals+OM, Organic Matter+ Pseudomatrix+Cl-L 
Clay as pore linings+Cl-R,clay as replacement+ Cb-R, carbonate replacement and OM-F, organic matter 
fill. 
Q F L   Q* F* L* %Q %L %F   %Q* %L* %F*
LFA 399.2 28.7 25.3 6.4 26.0 25.3 9.1 8.4 2.0 9.8 6.1 13.2 47.5 10.6 41.9 43.0 15.1 41.9
LFA 404.2 28.7 20.5 9.2 26.3 20.5 11.6 6.8 3.4 6.1 7.5 17.7 49.1 15.8 35.1 45.0 19.9 35.1
LFACh 457.2 35.5 18.1 8.5 33.1 18.1 10.9 7.2 1.7 6.8 9.2 13.0 57.1 13.7 29.1 53.3 17.6 29.1
LFACh 463.1 31.0 20.0 6.3 28.3 20.0 9.0 8.7 2.3 9.0 12.3 10.3 54.1 11.0 34.9 49.4 15.7 34.9
LFACh 470.3 32.3 20.7 4.4 29.9 20.7 6.8 5.8 1.7 10.2 6.1 18.7 56.2 7.7 36.1 52.1 11.8 36.1
LFACh 485.5 35.0 15.7 7.0 31.4 15.7 10.7 6.3 1.0 7.3 14.3 12.3 60.7 12.1 27.2 54.4 18.5 27.2
LFDa 570.4 38.5 26.2 3.5 33.6 26.2 8.4 5.2 1.0 8.0 8.0 9.4 56.4 5.1 38.5 49.2 12.3 38.5
LFA 591.5 32.4 25.9 6.9 31.9 25.9 7.4 5.1 3.2 5.1 1.9 19.4 49.6 10.6 39.7 48.9 11.3 39.7
LFA 10,732.0 37.2 20.5 4.9 33.3 20.5 8.7 9.0 9.4 0.0 0.0 19.1 59.4 7.8 32.8 53.3 13.9 32.8
LFA 10,736.0 39.0 16.4 5.9 35.2 16.4 9.8 5.9 12.9 0.0 0.0 19.9 63.6 9.7 26.7 57.4 15.9 26.7
LFDa? 10,737.5 32.3 18.2 3.7 28.6 18.2 7.4 6.7 16.8 0.0 0.0 22.2 59.6 6.8 33.5 52.8 13.7 33.5
LFA 10,756.0 38.2 20.8 7.4 33.2 20.8 12.4 7.8 8.5 0.0 1.8 15.5 57.4 11.2 31.4 50.0 18.6 31.4
LFACh 10,765.0 38.7 20.1 4.9 33.8 20.1 9.9 6.0 14.4 0.0 2.8 13.0 60.8 7.7 31.5 53.0 15.5 31.5
LFACh 10,774.0 31.6 21.3 4.8 28.2 21.3 8.2 5.2 15.8 0.0 4.1 17.2 54.8 8.3 36.9 48.8 14.3 36.9
LFA 10,794.8 36.0 16.4 3.1 30.8 16.4 8.4 9.1 12.6 0.0 0.3 22.4 64.8 5.7 29.6 55.3 15.1 29.6
LFA 13,262.5 50.2 7.6 3.1 49.5 7.6 3.8 3.8 14.2 0.0 10.4 10.7 82.4 5.1 12.5 81.3 6.3 12.5
LFA 13,267.4 52.0 11.4 2.6 49.1 11.4 5.5 2.9 12.8 0.0 3.7 14.7 78.9 3.9 17.2 74.4 8.3 17.2
LFA 13,276.5 46.1 14.3 4.1 44.4 14.3 5.8 3.4 15.7 0.0 7.8 8.5 71.4 6.3 22.2 68.8 9.0 22.2
LFA 13,280.6 50.5 13.8 2.8 47.4 13.8 5.9 3.1 12.5 0.0 3.8 13.5 75.3 4.1 20.6 70.6 8.8 20.6
LFACh 13,280.0 49.3 6.8 4.5 43.2 6.8 10.6 7.2 13.4 0.0 4.1 14.7 81.4 7.3 11.3 71.2 17.5 11.3
LFACh 13,287.5 49.0 6.5 4.8 43.2 6.5 10.5 8.5 13.3 0.0 2.0 16.0 81.4 7.9 10.7 71.8 17.5 10.7
LFA 13,303.7 48.8 11.0 5.7 41.8 11.0 12.7 4.3 11.0 0.0 0.0 19.1 74.5 8.7 16.8 63.8 19.4 16.8
LFA 13,314.0 52.4 13.7 2.7 45.1 13.7 10.0 2.7 12.7 0.0 2.3 13.0 76.2 3.9 19.9 65.6 14.5 19.9
LFA 13,318.0 44.7 13.3 4.7 40.0 13.3 9.3 4.7 16.3 0.0 0.7 15.7 71.3 7.4 21.3 63.8 14.9 21.3
LFA 13,321.8 52.0 12.7 3.3 47.0 12.7 8.3 4.0 13.0 0.0 0.7 14.3 76.5 4.9 18.6 69.1 12.3 18.6
LFA 13,324.8 58.3 11.3 3.7 53.3 11.3 8.7 4.3 11.3 0.0 1.0 10.0 79.5 5.0 15.5 72.7 11.8 15.5
LFA 13,332.4 51.0 13.0 2.7 46.9 13.0 6.8 1.7 9.9 1.0 12.3 8.2 76.4 4.1 19.5 70.3 10.3 19.5
LFA 13,344.4 51.7 14.8 2.4 49.0 14.8 5.2 4.1 8.6 0.3 9.3 8.6 75.0 3.5 21.5 71.0 7.5 21.5
LFA 13,350.4 43.6 14.9 4.1 40.9 14.9 6.8 2.7 10.8 0.3 16.9 6.8 69.7 6.5 23.8 65.4 10.8 23.8
LFA 13,360.5 48.7 16.4 3.0 45.3 16.4 6.4 2.7 6.7 0.0 14.4 8.1 71.4 4.4 24.1 66.5 9.4 24.1
For Pettijohn (1972) 
Classification 









































For Pettijohn (1972) 
Clasification
For Folk (1974) 
Clasification1st Phi 2nd Phi
TOTALS
   
 36 
lithofacies LFA, are subarkoses, while the CSM Strat Test #61 and 1-USA Amoco belong 
to the arkosic arenite group. 
The average framework composition plotted in the Pettijohn et al. (1972) scheme 
for the first group of samples is Q76 F5 L18 (Figure 3.3).  A second group of samples are 
arkosic arenites, which include several lithofacies (LFA, LFACh and LFDa) and are mainly 
from 1-USA AMOCO and CSM Strat Test #61 wells.  They have an average framework 
composition of Q57 F10 L34.  The sandstones in general are rich in plagioclase feldspar.  
Thus they are “plagioclase arkoses” (Pettijohn et al., 1972) and “plagioclase subarkoses”.  
The samples are mainly lithic arkoses and feldspathic litharenites using the Folk (1974) 
classification, with only one sample as arkose and one as subarkose (Figure 3.4). 
 In this study, quartz grains (average 41% for all samples) were divided into three 
types: monocrystalline, polycrystalline and cherty quartz (Figures 3.5, 3.6).  The 
monocrystalline variety is dominant at shallow levels, where it is sometimes fractured.  At 
deeper levels, this variety shows extensive syntaxial overgrowths.  Some grains have 
aligned and unaligned inclusions, reflecting an igneous origin.  Rare myrmekite also is 
present in this category.  In some samples, needles of rutile occur on the quartz surface.  In 
addition, a high degree of angularity is found in lithofacies LFACh, which suggests an 
increased volcanic component (i.e., abundant angular quartz grains, feldspars) (Appendix 
A3.8.1).  The polycrystalline quartz is dominantly of metamorphic origin, showing triangular 
junctures that resemble sutured contacts (Appendix A3.8.2), which are often in the process 
of dissagregation with clays along these junctures.  The cherty quartz grains include different 
varieties (Figure 3.5).  They are named according to the appearance of the aggregated 
grains, namely as “very fine” (truly microcrystalline), “medium,” and “coarse” grained.  A 
fourth variety is an oolitic chert (Appendix A3.8.3), which is sparse at shallow levels (i.e., 
CSM Strat Test #61), and rare in the basinal wells (i.e., Powder Mountain 1-13E).  
Feldspars average 16% for all samples, with plagioclase being more abundant 
than K-feldspar. Plagioclase occurs as untwinned and twinned grains.  They are mostly 
albite with minor oligoclase and andesine (as determined by the Michel-Levy method of  




































STRAT TEST 61 1-USA AMOCO CEPO 21-18
10 TRITON POWDER Mt 1-13E AVERAGE 1st GROUP
AVERAGE 2nd GROUP
Figure 3.3 Detrital compositions of the different lithofacies from the Dad Sandstone 
Member of the Lewis Shale in study wells plotted in a Pettijohn et al. (1972) 
diagram. Three groups can be visualized; two of them are dominantly “plagioclase 
arkosic arenite” and one plagioclase subarkose. Blue symbols are lithofacies LFA, 
brown symbols are lithofacies LACh, and pink symbols are lithofacies LFDa. 
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STRAT TEST 61 1-USA AMOCO CEPO 21-18







    QUARTZ ARENITE  
SUBLITHARENITE 
Figure 3.4 Detrital compositions of the different lithofacies in the study samples from 
the Dad Member sandstone of the Lewis Shale plotted in Folk (1974) diagram. The 
sandstones are mainly lithic arkose and feldspathic litharenites; showing an 
enrichment in silica with depth. Notice the two clusters 1-USA AMOCO plus CSM 
Strat Test #61 and Cepo 21-18, Powder Mountain and 10-Triton wells. Blue 
symbols are lithofacies LFA, brown symbols are lithofacies LACh, and pink symbols 
are lithofacies LFDa. 







































Figure 3.5 Framework-grain composition of Dad Member of the Lewis Shale showing 
mainly chert and quartz varieties, textural features and some authigenic components (A) 
Chert (Ch) and quartz varieties (Qm, monocrystalline quartz, Qp, polycrystalline quartz), 
plus detrital carbonate (Cb-D), carbonate cement (Cb-c) in process of dissolution and 
quartz overgrowth (Qo) also locally in process of dissolution (arrows); crossed polarizer 
(after here XPL). (B) Arrow in right side shows dissolution of quartz cement; upper left side 
dissolution of carbonate cement near intense mud clast dissolution (blue).  Well Powder Mt 
1-13E, 13,332 ft; plane polarized light (after here PPL). Scale bar is 0.1 mm. 
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plagioclase composition as explained by Nesse, 1991) with maximum extinction angles 
between 12 and 18 degrees.  They often show Carlsbad-Albite twinning (Figure 3.6), 
but untwinned plagioclase is also present.  K-feldspar is predominantly orthoclase with 
rare microcline throughout the study section (Figure 3.7).  K-feldspars constitute a 
relatively smaller fraction as depth increases, while the plagioclase component increases. 
The lithic rock fragments (average 4.5%) are composed of mud intraclasts, 
detrital carbonate grains, and metamorphic and volcanic fragments.  The mud intraclasts 
include at least five types that can be recognized by their textural appearance and color 
(Figures 3.7, 3.8 and 3.9).  These all have very fine groundmass and are light brown 
colored; brown colored with some specks of clays; dark brown colored; light beige colored 
and one with quartz grains that are usually less than 20 microns in size (Figure 3.8).  The 
light brown variety and much of the dark variety are usually elongated, whereas the others 
are generally subrounded.  The intraclasts are being transformed into pseudomatrix 
(>50% of clast is “smashed” by compaction).  Detrital carbonate grains occur as broken 
crystals, approximately 0.2 mm in size, and are locally partially dissolved (Figure 3.5, 3.8). 
Additionally, carbonate grains can be recognized in the matrix (<20-30 microns). 
Metamorphic lithic clasts are mostly aggregates of quartz and elongated grains with 
gneissic textures.  This last variety is usually altered to clay.  Volcanic fragments often 
include abundant plagioclase microlites (Figure 3.9), which are embedded in a fine 
groundmass. 
 Miscellaneous detrital grains include muscovite and biotite (average 1% and <1% 
respectively), which are present mostly in the CSM Strat Test #61 well and in reduced 
amounts in the 1-USA Amoco well, to very sparse and rare in Cepo 21-18, 10-Triton and 
Powder Mountain 1-13E wells.  In some cases, the mica is partly chloritized (Appendix 
A3.4.4).  Rare glauconite was identified in the 1-USA AMOCO and 10-Triton wells 
(Appendix A3.8.5), some partly chloritized.  Other miscellaneous grains are fossils, some 
replaced by clays (Appendix A3.8.6), others by silica.  Altered grains of pyroxene were 
tentatively identified.   
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Figure 3.6 Framework-grain composition of Dad Member of the Lewis Shale, showing 
altered plagioclase grain and monocrystalline quartz with quartz overgrowth and other 
authigenic components. (A) Monocrystalline quartz with syntaxial, pervasive quartz 
overgrowth (Qo) and serrate quartz overgrowth (S-Qo); (XPL). (B) Quartz cement and 
plagioclase grain in process of dissolution (arrows); (PPL).  Well Powder Mt 1-13E., 
13,3360.5 ft.  Scale bar is 0.1 mm. 
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Figure 3.7 Framework-grain composition of Dad Member of the Lewis Shale, showing 
altered microcline and some authigenic components. (A) Microcline (K) altered by clays 
(arrows); monocrystalline quartz (Qm) with pervasive syntaxial overgrowth (Qo); 
carbonate detrital (Cb-D) and mud clast (MC); (XPL). (B) Pervasive quartz cement, 
clays, pseudomatrix (Psdmat), and microporosity (Mphi); and dissolution (lower left 








































Figure 3.8 Framework-grain composition of Dad Member of the Lewis Shale showing 
textural features and mud clast types. (A) Mud clast (MC); pseudomatrix (Psd); 
monocrystalline (Qm), polycrystalline quartz (Qp), and quartz overgrowth; detrital 
carbonate (Cb-D) and carbonate cement (Cb-c), with clays as coatings and surrounding 
grains; clays also on the surface of feldspars (Fsp); (XPL). (B) Different types of mud 
clasts, notice the textural features and changes in color. Grain and cement dissolution 
porosity (arrows); microporosity (Mphi); (PPL).  Well Cepo 21-18, 13,276.5 ft.  Scale 






































Figure 3.9 Framework-grain composition of Dad Member of the Lewis Shale showing 
volcanic grain, textural features and some authigenic components. (A) Volcanic grain 
(Lv), surrounded by monocrystalline quartz with overgrowth, including plagioclase 
microlites (arrows); mudclasts (MC); clays (Cl), and detrital carbonate (Cb-D) and 
carbonate cement (Cb-c); (XPL). (B) Volcanic grain (Lv) mud clasts with possible pyrite. 
Dissolution porosity -cement and grains- (arrows); (PPL).  Well Cepo 21-18, 13,267 ft.  
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 Heavy minerals (average <1%) include zircon and rutile (Appendix A3.8.7), 
indicating igneous and metamorphic sources. In general, they are less than 30 microns in 
size.  Although in the point count data, heavy minerals registered as null in some samples, 
they are always present in trace amounts, especially zircon. 
Organic matter (average <1%) is present as irregular forms of grains, dark brown 
and brown yellowish in color; some of them are clearly detrital, showing defined borders.  
Others occur as filling open spaces or are weakly “smashed.”  
 Based on sorting and the reduced amount of matrix (<10%), the sandstones are 
characterized as submature in shallow samples (CSM Strat Test #61) and submature to 
mature in deeper samples.  Other textural observations are described in the following 
section.  The detrital components in sandstones (Table 3.4) range from lower very fine grain 
to upper fine-grained.  The grains are angular to sub-angular, and rarely sub-rounded in 
shallow samples (CSM Strat Test #61) (Figure 3.10); and sub-angular to sub-rounded in 
deeper samples with low sphericity in equant to elongated grains (i.e., Cepo 21-18, 10 -
Triton and Powder Mountain 1-13E wells) (Figure 3.8).  The sorting varies from very poor-
to-poorly sorted in the shallow samples (i.e., CSM Strat Test #61) (Figure 3.10), changing to 
well-to-poorly sorted in the 1-USA AMOCO well, and are dominantly well-to-very well sorted 
in the deeper samples (i.e., Cepo 21-18, 10 Trion and Powder Mountain 1-13E) (Figure 3.8). 
 
1.16 3.1.2     Detrital and Textural Variations Within and Between Wells 
 The variations in composition of detrital components were evaluated by plotting the 
normalized percent of the framework grains and values for the textural parameters (Table 
3.5) for each well (Figure 3.11 A-E).  Each well plot includes all sampled lithofacies, 
although conclusions regarding the relationship between lithofacies and diagenesis are 
tentative, given the limited number of samples from each lithofacies.  In general, any 
single well exhibits a relatively uniform framework composition with only minor variations 
(Figure 3.11 A-E).  Figure 3.11G shows the average values for each lithofacies.  There 





















LFA 399.2 0.01 0.4 0.18 X X X 2.0 0.69 * X X X 3.00 - - - -
LFA 404.2 0.02 0.4 0.15 X X X 2.7 0.73 X X X 2.20 1.9 1.5 3.3 3.0
LFACh 457.2 0.02 0.4 0.15 X X X 2.4 0.67 X X X 0.22 1.3 1.0 2.2 2.0
LFACh 463.1 0.02 0.3 0.15 X X X 2.3 0.75 X X X 0.37 - - - -
LFACh 470.3 0.02 0.3 0.20 X X X 2.4 0.69 X X X 0.27 - - - -
LFACh 485.5 0.02 0.4 0.16 X X X 2.3 0.73 X X X 0.32 - - - -
LFDa 570.4 0.01 0.4 0.16 X X X 2.7 0.75 X X X 0.32 - - - -
LFA 591.5 0.01 0.4 0.10 X X X 2.6 0.73 X X X 0.32 - - - -
LFA 10,7 32.0 0.02 0.34 0.18 X X X 2.0 0.75 X X X 0.32 - - - -
LFA 10,7 36.0 0.02 0.5 0.19 X X X 1.4 0.75 X X X 0.37 - - - -
LFDa? 10,73 7.5 0.02 0.4 0.09 X X X 1.2 0.77 X X X * 0.37 - - - -
LFA 10,7 56.0 0.02 0.4 0.18 X X X X 1.3 0.75 X X X 0.37 - - - -
LFACh 10,7 65.0 0.02 0.34 0.16 X X X 1.4 0.77 X X X 0.32 - - - -
LFACh 10,7 74.0 0.02 0.5 0.18 X X X X 1.3 0.75 X X X 0.30 - - - -
LFA 10,7 94.8 0.02 0.38 0.18 X X X 2.0 0.73 X X X 0.27 - - - -
LFA 13,26 2.5 0.02 0.4 0.20 X X X 1.2 0.83 X X X 0.37 2.7 2.7 6.8 6.0
LFA 13,26 7.4 0.02 0.5 0.20 X X X 1.3 0.81 X X X 0.32 2.8 2.3 7.0 7.0
LFA 13,27 6.5 0.02 0.3 0.20 X X X 1.3 0.81 X X 0.32 2.5 2.0 6.6 6.0
LFA 13,28 0.6 0.02 0.3 0.18 X X X 1.2 0.83 X X X 0.37 2.5 2.7 7.1 8.0
LFACh 13,2 80.0 0.02 0.5 0.15 X X X 1.3 0.75 X X X 0.37 3.1 3.0 5.8 6.0
LFACh 13,2 87.0 0.02 0.4 0.15 X X X 1.2 0.77 X X X 0.32 2.2 2.3 6.2 6.0
LFA 13,3 03.0 0.03 0.38 0.20 X X X 1.2 0.79 X X X * 0.37 2.2 1.7 5.6 5.0
LFA 13,3 14.0 0.02 0.38 0.18 X X X 1.3 0.77 X X X 0.32 - - - -
LFA 13,3 18.0 0.02 0.46 0.18 X X X 1.3 0.77 X X X 0.32 - - - -
LFA 13,3 21.5 0.02 0.36 0.24 X X X 1.3 0.79 X X X 0.37 - - - -
LFA 13,3 24.0 0.02 0.7 0.24 X X X 1.3 0.79 X X X 0.37 2.5 2.3 6.0 7.0
LFA 13,33 2.4 0.02 0.5 0.20 X X X 1.2 0.81 X X X 0.32 2.0 2.0 3.9 4.0
LFA 13,34 4.4 0.03 0.5 0.20 X X X 1.4 0.77 X X X 0.32 2.4 2.5 4.8 5.0
LFA 13,35 0.4 0.02 0.5 0.20 X X X 1.3 0.79 X X X 0.32 2.2 1.7 5.3 5.0















































































































Table 3.4 Estimated textural parameters of the different lithofacies from the Dad 
Member of the Lewis Shale. Grain size values are from approximately 20 
measurements; the sorting was visually determined by comparison with the Bear and 
Weyl (1973) charts; sphericity coefficient (So) is from Rittenhouse (1956; in Beard and 
Weyl, 1973) roundness coefficient (Ro) is from Powers (1963; in Beard and Weyl, 
1973). Contact index (CI) and tight packing indexes (TPI) are derived from 20 
measurements.


































Figure 3.10 Framework-grain composition, textural features and some authigenic 
components characteristics of samples from CSM Strat Test #61 well from the Dad 
Member interval of the Lewis Shale.  (A) Angular to subangular fragments of 
monocrystalline quartz (Qm), feldspars (Fsp), mud intraclasts (MC); carbonate cement 
(Cb-c) and replacement (Cb-R), and clays (Cl); (XPL). (B) “Floating” angular quartz 
fragments, with overgrowth (arrow); mud intraclasts (MC), organic matter (OM) and 
clays (Cl).  Notice the intergranular (ITER) and dissolution of grains (D-g) porosity; and 
lack of compactional features, suggesting lack of deep burial (PPL).  Well CSM Strat 































Table 3.5 Detrital compositions of the different lithofacies, including estimated textural  
parameters from the Dad Member of Lewis Shale.  Detrital component values  
are normalized to 100%. Average grain size (Avg-G-S) values are from approximately 
20 measurements; the sphericity (Sp), sorting (So) and roundness (Ro) were 
determined using charts for visual comparison; for Sp, Rittenhouse (1943) (cited in 
Bear and Weyl, 1973); for So, Beard and Weyl (1973); and for Ro, Powers (1953) (cited 
in Bear and Weyl, 1973).  Abbreviations of framework components and textural 
parameters are the same as in Tables 3.2 and 3.4.
LFA 399.2 39.5 2.2 4.3 25.4 15.1 5.4 4.9 1.1 0.5 0.0 1.6 180 6.9 20.0 3.00
LFA 404.2 37.6 5.6 3.9 20.2 13.5 4.5 10.7 1.7 1.7 0.0 0.6 150 7.3 27.0 2.20
LFACh 457.2 41.9 10.2 3.8 16.1 12.4 6.5 7.0 0.5 0.5 0.0 1.1 150 6.7 24.0 2.20
LFACh 463.1 46.9 1.1 4.5 24.3 9.6 4.5 6.2 0.6 0.0 0.0 2.3 150 7.5 23.0 3.70
LFACh 470.3 49.7 0.6 4.0 20.0 14.9 4.6 2.9 0.6 1.1 0.0 1.7 200 6.9 24.0 2.70
LFACh 485.5 44.4 7.9 6.2 19.7 6.7 6.2 5.6 2.2 1.1 0.0 0.0 160 7.3 23.0 3.20
LFDa 570.4 47.0 1.0 7.0 20.0 17.5 3.5 1.5 0.5 1.0 0.0 1.0 130 7.5 27.0 3.20
LFA 591.5 42.6 4.1 0.7 24.3 13.5 4.7 5.4 2.7 0.7 0.0 1.4 100 7.3 26.0 3.20
LFA 10,732.0 44.4 7.0 5.9 13.9 17.6 2.7 4.8 1.6 0.0 0.0 2.1 180 7.5 20.0 3.20
LFA 10,736.0 49.2 7.3 6.1 11.7 14.5 5.0 4.5 1.1 0.0 0.0 0.6 190 7.5 14.0 3.70
LFDa? 10,737.5 46.7 4.2 6.6 13.2 19.2 3.6 3.0 1.2 1.2 0.0 1.2 90 7.7 12.0 3.70
LFA 10,756.0 43.2 5.7 7.3 13.0 17.7 6.8 4.2 1.0 0.5 0.0 0.5 180 7.5 13.0 3.70
LFACh 10,765.0 49.7 2.2 7.6 7.6 23.2 4.9 2.7 1.6 0.5 0.0 0.0 160 7.7 14.0 3.20
LFACh 10,774.0 44.9 1.7 5.7 14.8 20.5 5.7 2.3 0.6 2.8 0.0 1.1 180 7.5 13.0 3.00
LFA 10,794.8 49.4 2.4 8.8 10.0 17.6 2.9 2.4 3.5 2.9 0.0 0.0 180 7.3 20.0 2.70
LFA 13,262.5 73.9 5.6 1.1 4.4 7.8 3.9 1.1 0.0 0.0 0.0 2.2 200 8.3 12.0 3.70
LFA 13,267.4 69.2 3.2 4.3 9.2 7.6 2.2 1.6 0.0 0.0 0.0 2.7 200 8.1 13.0 3.20
LFA 13,276.5 67.9 0.5 2.6 6.8 15.3 5.3 1.1 0.0 0.0 0.0 0.5 200 8.1 13.0 3.20
LFA 13,280.6 67.3 2.6 4.6 7.1 13.3 3.1 1.0 0.0 0.0 0.0 1.0 180 8.3 12.0 3.70
LFACh 13,280.0 67.0 3.4 10.1 2.2 8.9 2.8 4.5 1.1 0.0 0.0 0.0 150 7.5 13.0 3.70
LFACh 13,287.5 65.0 5.6 9.4 3.3 7.2 2.8 5.0 1.1 0.6 0.0 0.0 150 7.7 12.0 3.20
LFA 13,303.7 59.6 2.0 10.3 7.4 8.9 4.4 3.9 0.5 0.0 0.0 3.0 200 7.9 12.0 3.70
LFA 13,314.0 60.3 3.8 10.5 12.4 7.2 2.9 1.0 0.0 0.0 0.4 1.4 180 7.7 13.0 3.20
LFA 13,318.0 59.9 1.0 7.1 6.1 14.2 4.1 3.0 1.0 0.0 0.0 3.6 180 7.7 13.0 3.20
LFA 13,321.8 62.6 4.3 7.1 9.5 8.5 2.4 2.4 0.5 0.0 0.4 2.4 240 7.9 13.0 3.70
LFA 13,324.8 70.3 1.8 6.8 7.7 7.7 2.7 2.3 0.0 0.0 0.0 0.9 240 7.9 13.0 3.70
LFA 13,332.4 66.5 3.0 6.1 7.6 11.7 2.5 1.5 0.0 0.0 0.0 1.0 200 8.1 12.0 3.20
LFA 13,344.4 69.3 1.0 4.0 10.4 10.9 2.5 1.0 0.0 0.0 0.0 1.0 200 7.7 14.0 3.20
LFA 13,350.4 60.3 3.7 4.2 9.5 13.8 4.2 2.1 0.0 0.5 0.0 1.6 200 7.9 13.0 3.20
LFA 13,360.5 65.2 1.0 4.9 8.3 15.7 3.4 1.0 0.5 0.0 0.0 0.0 200 7.9 13.0 3.20
Average 55.4 3.5 5.9 12.2 13.1 4.0 3.3 0.8 0.5 0.0 1.2 176.7 7.6 16.4 3.3
s. d. 11.1 2.4 2.5 6.4 4.4 1.3 2.2 0.9 0.8 0.1 1.0 33.7 0.4 5.3 0.4
ST-61 43.7 4.1 4.3 21.3 12.9 5.0 5.5 1.2 0.8 0.0 1.2 152.5 7.2 24.3 2.9
1-USA 46.8 4.3 6.9 12.0 18.6 4.5 3.4 1.5 1.1 0.0 0.8 165.7 7.5 15.1 3.3
Cepo 69.6 3.0 3.2 6.9 11.0 3.6 1.2 0.0 0.0 0.0 1.6 195.0 8.2 12.5 3.5
Triton 63.5 3.1 8.8 6.9 8.9 3.1 3.1 0.6 0.1 0.1 1.6 191.4 7.8 12.7 3.5
PMt 65.3 2.2 4.8 9.0 13.0 3.2 1.4 0.1 0.1 0.0 0.9 200.0 7.9 13.0 3.2
ST-61 4.1 3.6 1.9 3.1 3.4 1.0 2.7 0.9 0.5 0.0 0.7 30.1 0.3 2.4 0.5
1-USA 2.7 2.3 1.1 2.5 2.7 1.5 1.1 1.0 1.3 0.0 0.8 34.6 0.1 3.4 0.4
Cepo 3.0 2.1 1.6 1.9 3.9 1.3 0.3 0.0 0.0 0.0 1.0 10.0 0.1 0.6 0.3
Triton 4.1 1.6 1.7 3.5 2.4 0.8 1.4 0.5 0.2 0.2 1.4 37.6 0.2 0.5 0.3
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1-USA AMOCO LFA 10,732 f t
1-USA AMOCO LFA 10,736 f t
1-USA AMOCO LFDa 10,737.5 f t
1-USA AMOCO LFA 10,756 f t
1-USA AMOCO LFACh 10,765 ft
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1-USA AMOCO LFA 10,794.8 f t
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ST-61 LFA 399.2 f t
ST-61 LFA 404.2 f t
ST-61 LFACh 457.2 f t
ST-61 LFACh 463.1 f t
ST-61 LFDa 470.3 f t
ST-61 LFACh 485.5 f t
ST-61 LFDa 570.4 f t
ST-61 LFA 591.5 f t
Figure 3.11 Normalized percentage variation of detrital and textural components 
arranged by lithofacies within sampled wells of Dad Member of the Lewis Shale. (A) 
CSM Strat Test #61; (B) 1-USA Amoco; (C) Cepo 21-18: (D) 10-Triton. Notice the 
similarity of lithofacies within wells and the difference, mainly, in monocrystalline quartz 
content, between wells.  The abbreviations of components are the same as in Tables 
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POWDER Mt LFA 13,332.4 f t
POWDER Mt LFA 13,344.4 f t
POWDER Mt LFA 13,350 ft
POWDER Mt LFA 13,360.5 f t
G 
FE 
Figure 3.11 (cont.) (E) Powder Mountain, showing a uniform distribution of components 
within the well.  
(F) Overall average variation of detrital and textural components between wells. Notice 
the difference in monocrystalline quartz content. 
(G) Overall variation of detrital components arranged by lithofacies. Notice the 
differences in monocrystalline quartz, feldspars, detrital carbonate and degree of 
sorting. 
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appears to be a higher content of K-feldspars and plagioclase in lithofacies LFDa 
compared to the other lithofacies. 
However, a clear variance in composition between wells is apparent (Figures 3.11 
A-E) with two distinct patterns.  The CSM Strat Test #61 and 1-USA Amoco have higher 
values of feldspar and plagioclase and lower values of monocrystaline quartz.  1-USA 
Amoco has higher values of K-feldspar and plagioclase, and lower values of 
monocrystaline quartz (Qm) compared to the deeper samples (Cepo 21-18, 10-Triton and 
Powder Mountain 1-13E).  Total lithics and detrital carbonate are also somewhat higher 
in the shallower wells.  These variations are presented in Figure 3.11F, which shows 
average values for each well.  The bimodal distribution of monocrystaline quartz is clearly 
visible, as are the higher values for plagioclase in the shallow samples.  The difference in 
sorting in the CSM Strat Test #61 well compared to the more basinward wells is also 
evident.  A portion of the variation in plagioclase content can be attributed to the effect of 
diagenetic changes because plagioclase is dissolved with increasing depth of burial, and 
probably is the source of silica for quartz overgrowth and the aluminum for clays. 
 In summary, changes within wells by lithofacies are very subtle and conclusions 
are limited by the lack of sufficient numbers of samples; whereas detrital composition 
between wells define two populations based on monocrystalline quartz abundance 
(averages 45% for the first group, and 66% for the second group with s. d. = 3.7 and 4.3% 
respectively).  This component is not affected by depth of burial. In contrast, feldspars are 
strongly influenced by depth of burial (averages 16% for the first group, and 9% for the 
second group, with s. d. = 4.9 and 2.9% respectively).  The difference in the amount of 
quartz is interpreted to be a function of provenance. 
1.17 3.1.3     Diagenetic Features 
Diagenetic minerals observed in this study of the Lewis Shale include quartz 
overgrowths, carbonate cement, carbonate replacement, illite-smectite, chlorite and 
kaolinite (confirmed by SEM-EDAX) and albite. Minor iron oxide coatings and pyrite are  
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also present. The point-count data for the percentage abundance of diagenetic minerals 
are presented in Table 3.2, and their normalized values are shown in Table 3.6.  Other 
diagenetic modifications include dissolution of grains and cements, as well as replacement 
of detrital grains.  
Syntaxial quartz overgrowth (ranging in abundance from 0 to 11.3%; average 3.6% 
and s. d. =3.3) is the second most abundant cement (Figures 3.5, 3.6, 3.7, 3.8, and 3.13).  
It occurs mainly as sparse overgrowths in shallow samples (CSM Strat Test #61 well), 
serrate euhedral overgrowths at intermediate depths (1-USA Amoco well), and is more 
pervasive in the deeper samples (Cepo 21-18, 10-Triton and Powder Mountain 1-13E 
wells). 
Carbonate (0.7 to 13%; average 5% and s. d. =3.6), considering all the study 
samples, is the most abundant cement.  This is especially visible in the 1-USA Amoco 
well.  In general, it is more abundant in lithofacies LFA.  Carbonate cements often replace 
and surround plagioclase and quartz grains (Figure 3.5, 3.9, and 3.12).  Locally, these 
cements display poikilotopic textures.  Carbonate-replaced grains are present in all study 
wells with greater replacement of feldspars in the deeper samples (Figure 3.13).  
 Clays (0 to 18.7%; average 8.5%, s. d. = 4.3), include clay cements, clay as pore 
linings and clays as replacement, and are an important constituent in all studied wells.  Under 
the microscope, chlorite shows distinctive birefringent colors, dark to bluish in cross polars.  
The blue variety suggests they are magnesium-rich. Chlorite occurs as a replacement of some 
ferromagnesian minerals (amphiboles?) and biotites, and in lesser amounts, as pore fill and 
rarely replacing glauconite.   The clays tentatively identified as illite-smectite were confirmed by 
X-ray analyses (Figures 3.14, 3.15) and by SEM analyses (Figure 3.16, 3.27).  The most 
abundant clay is illite and/or illite-smectite, which occurs mostly in later stages of diagenesis 
(Figure 3.15), and replaces plagioclase to varying degrees, along lamellae twins (Figure 
3.17), chert, and mud intraclasts (Figure 3.5, 3.13). 
 Weaver (1961) reported the presence of illite, kaolinite, montmorillonite (smectite), 
chlorite and mixed layer (illite-montmorillonite) clay, for an abnormally shaly well, Mountain 





















IGV = Intergranular volume.  ICOMPACT = compactional Index. 
Cements: Qo, Quartz overgrowth; Cb-c, Carbonate cement; Ab-c, albite cement; Cl-c 
Clay cement. 
Miscellaneous modifications: Cl-L, Clays as pore linings; Cl-R, Clay replacement; Cb-R, 
carbonate replacement; OM, Organic matter fill 
Porosity types: ITER, intergranular; ITRA, intragranular; FRAC, fracture; Dg, dissolution 
of grains (dominantly mud intraclasts and chert), D-c Dissolution of cements (mainly 
quartz and carbonate); Mphi, Microporosity (often related to clays) 
Table 3.6 Authigenic and miscellaneous mineral compositions of different lithofacies 
including intergranular volume (IGV) and compactional index (ICOMPACT)from Dad 
Member of the Lewis Shale. 
Qo Cb-c Ab-c Cl-c ITER ITRA Frac D-g D-c M phi
399.2 0.94 20.3 0.0 0.0 3.5 0.0 3.5 7.0 22.1 7.0 2.3 33.7 0.0 0.0 19.8 0.0 1.2
404.2 0.9 16.4 4.2 0.0 5.3 0.0 5.3 12.6 25.3 5.3 0.0 18.9 0.0 0.0 22.1 1.1 0.0
457.2 0.95 15.7 12.8 1.2 4.7 0.0 0.0 2.3 16.3 7.0 1.2 23.3 0.0 0.0 27.9 3.5 0.0
463.1 0.91 20.0 0.0 0.0 7.2 0.0 0.0 3.1 11.3 10.3 2.1 27.8 0.0 0.0 36.1 1.0 1.0
470.3 0.95 17.7 4.9 0.0 3.9 0.0 1.0 7.8 19.6 13.7 2.0 29.4 1.0 0.0 14.7 0.0 2.0
485.5 0.96 14.7 4.0 1.0 2.0 0.0 0.0 5.1 12.1 9.1 1.0 22.2 1.0 0.0 35.4 7.1 0.0
570.4 0.97 14.3 0.0 0.0 4.2 0.0 0.0 1.4 16.9 11.3 1.4 32.4 0.0 0.0 31.0 1.4 0.0
591.5 0.93 13.4 8.9 0.0 7.1 0.0 5.4 7.1 37.5 8.9 0.0 19.6 0.0 3.6 1.8 1.8 0.0
10,732.0 0.83 18.4 8.0 9.3 22.7 0.0 4.0 12.0 34.7 8.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0
10,736.0 0.73 18.8 4.4 5.5 30.8 1.1 3.3 18.7 20.9 13.2 2.2 0.0 0.0 0.0 0.0 0.0 0.0
10,737.5 0.63 23.6 9.1 12.7 32.7 0.0 0.0 11.8 19.1 10.9 3.6 0.0 0.0 0.0 0.0 0.0 0.0
10,756.0 0.84 16.3 4.3 2.9 27.5 4.3 0.0 8.7 30.4 14.5 0.0 0.0 0.0 0.0 5.8 1.4 0.0
10,765.0 0.7 20.4 2.4 12.2 35.4 0.0 2.4 8.5 26.8 2.4 0.0 0.0 0.0 0.0 7.3 2.4 0.0
10,774.0 0.63 21.0 2.0 5.0 34.0 1.0 6.0 10.0 22.0 6.0 2.0 0.0 0.0 0.0 8.0 1.0 3.0
10,794.8 0.76 21.7 6.7 11.1 21.1 0.0 7.8 7.8 32.2 10.0 2.2 0.0 0.0 0.0 1.1 0.0 0.0
13,262.5 0.63 18.0 9.2 32.7 6.1 0.0 3.1 3.1 15.3 0.0 0.0 0.0 1.0 0.0 13.3 16.3 0.0
13,267.4 0.73 15.8 11.3 31.3 12.5 0.0 0.0 7.5 22.5 2.5 0.0 0.0 0.0 0.0 6.3 2.5 3.8
13,276.5 0.6 19.1 8.6 36.6 11.8 0.0 1.1 6.5 9.7 1.1 0.0 0.0 0.0 0.0 11.8 4.3 8.6
13,280.6 0.72 15.6 14.3 21.4 10.7 0.0 10.7 14.3 15.5 0.0 0.0 0.0 0.0 0.0 8.3 1.2 3.6
13,280.0 0.7 20.5 5.4 27.2 13.0 0.0 2.2 7.6 23.9 7.6 0.0 0.0 0.0 0.0 2.2 1.1 9.8
13,287.5 0.7 21.8 1.1 20.2 23.6 0.0 0.0 11.2 30.3 4.5 2.2 0.0 0.0 0.0 3.4 1.1 2.2
13,303.7 0.8 15.4 9.6 6.0 21.7 0.0 12.0 10.8 28.9 10.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13,314.0 0.8 15.3 10.0 18.8 28.8 0.0 0.0 0.0 23.8 10.0 0.0 0.0 0.0 0.0 2.5 0.0 6.3
13,318.0 0.7 21.0 14.6 9.0 43.8 0.0 2.2 4.5 19.1 4.5 0.0 0.0 0.0 0.0 0.0 0.0 2.2
13,321.8 0.8 17.0 14.3 11.7 39.0 0.0 0.0 3.9 18.2 10.4 0.0 0.0 0.0 0.0 1.3 0.0 1.3
13,324.8 0.8 15.7 3.1 24.6 26.2 0.0 1.5 6.2 15.4 16.9 1.5 0.0 0.0 0.0 0.0 0.0 4.6
13,332.4 0.72 12.7 7.8 18.9 12.2 1.1 0.0 4.4 11.1 0.0 1.1 3.3 1.1 0.0 24.4 12.2 2.2
13,344.4 0.79 13.1 10.5 21.1 11.8 0.0 0.0 5.3 10.5 2.6 1.3 1.3 1.3 0.0 15.8 18.4 0.0
13,350.4 0.63 13.9 7.1 23.2 9.1 0.0 0.0 3.0 4.0 2.0 0.0 1.0 2.0 0.0 30.3 14.1 4.0
13,360.5 0.81 9.4 7.0 12.8 9.3 0.0 1.2 4.7 14.0 1.2 0.0 0.0 1.2 0.0 30.2 14.0 4.7
Average 0.8 17.2 6.9 12.5 17.4 0.3 2.4 7.2 20.3 7.1 0.9 7.1 0.3 0.1 12.0 3.5 2.0
s. d. 0.1 3.3 4.3 11.1 12.2 0.8 3.3 4.2 8.0 4.7 1.0 11.9 0.6 0.7 12.2 5.5 2.7
0.9 16.6 4.4 0.3 4.7 0.0 1.9 5.8 20.1 9.1 1.2 25.9 0.2 0.4 23.6 2.0 0.5
0.7 20.0 5.3 8.4 29.2 0.9 3.4 11.1 26.6 9.3 1.6 0.0 0.0 0.0 3.2 0.7 0.4
0.7 17.1 10.8 30.5 10.3 0.0 3.7 7.8 15.7 0.9 0.0 0.0 0.3 0.0 9.9 6.1 4.0
0.7 18.1 8.3 16.8 28.0 0.0 2.6 6.3 22.8 9.3 0.5 0.0 0.0 0.0 1.3 0.3 3.8
0.7 12.3 8.1 19.0 10.6 0.3 0.3 4.3 9.9 1.5 0.6 1.4 1.4 0.0 25.2 14.7 2.7
0.0 2.6 4.6 0.5 1.8 0.0 2.4 3.7 8.4 2.7 0.9 5.7 0.5 1.3 11.6 2.3 0.8
0.1 2.4 2.7 3.9 5.6 1.6 2.9 3.7 6.1 4.2 1.3 0.0 0.0 0.0 3.7 1.0 1.1
0.1 1.7 2.6 6.4 2.9 0.0 4.8 4.7 5.3 1.2 0.0 0.0 0.5 0.0 3.2 6.9 3.5
0.0 2.9 5.3 8.0 10.5 0.0 4.3 4.0 5.6 4.3 0.9 0.0 0.0 0.0 1.4 0.5 3.4

























































































































Figure 3.12 Pervasive cement in the Dad Member of the Lewis Shale.  (A) Carbonate 
cement (Cb-c) with organic matter infill (OM infill). Carbonate cement postdates earlier 
quartz overgrowths (arrows) and clays; (XPL). (B) Carbonate cement, mud clasts (MC), 
open space filled by epoxy (E-f); (PPL).  Well 10 Triton 13,318 ft.  Scale bar is 0.1 mm. 
OM infill
MC
































Figure 3.13 Replacement textures and other authigenic components in the Dad 
Member of the Lewis Shale.   (A) Carbonate replacing (Cb-R); plagioclase (P); detrital 
carbonate (Cb-D) and cement (Cb-c). Clays altering cherty grain (arrows); (XPL). Well 
10-Triton 13321 ft (20x). (B) Possible dissolution of carbonate replacement (Cb-R); 
early clay introduction as pore linings and dust (arrows); abundant quartz overgrowth; 
(PPL).  Well Cepo 21-18 13,276 ft.   Scale bar is 0.1 mm. 
B 
Qo 0.1mm 
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Fuel No 1 Jacknife Springs, Sec 11, T 16N, R101W in the Washakie basin, with illite being 
the most abundant. He suggested that montmorillonite is associated with transgression 
and kaolinite to a regressive event. In addition, he reported that montmorillonite and illite 
increase with depth in the Lewis Shale, whereas kaolinite decreases.  In this study, a 
similar pattern was found, particularly with greater enrichment of illite and/or illite-smectite 
in the 1-USA Amoco well. 
X-ray diffraction (XRD) analysis was used by D’Agostino (2002, M.S. thesis in 
progress) to identify the whole rock and clay mineralogy.  The samples range from outcrop 
to about 3,962 m (13,000 ft) depth of burial and include lithofacies LFA, LFDa and LFACh.  
Six samples from the CSM Strat Test #61, and two from the Powder Mountain 1-13E well 
are included.  Quartz, albite, anorthite and calcite (the last two only in the CSM Strat Test 
#61 well) are the main non-clay minerals. Clay minerals include chlorite, illite and kaolinite.  
Representative diffractograms of whole rock analyses from a range of depths show similar 
whole rock compositions (Figure 3.14), with minor differences in chlorite and kaolinite 
content. Under the microscope, clays were differentiated into pore linings (some of them a 
product of infiltration and some probably a product of recrystallization), and as 
replacement.  The replacement clays are often present in metamorphic and volcanic 
grains.  It is worthwhile to notice that the clays are not exclusively products of diagenesis. 
 Albite (average <1%, s. d. = 0.2%) commonly shows a diagonal extinction with no 
clear continuity of twinning and usually shows an amorphous distribution around grains 
with some displaying a “chess board texture” (Figure 3.18). It is likely that these are a 
product of plagioclase replacement.  Although in the point count data in the majority of 
samples are registered as null, they are present replacing plagioclases.  Qualitatively, they are 
more abundant in the deeper samples and occur most often in lithofacies LFA.  It is found 
occluding secondary pore spaces, which are inferred to be zones of K-feldspar dissolution.  
The relative timing of albitization suggests it was one of the later diagenetic events. 
Pyrite (trace) was identified only in lithofacies LFA; it is an accessory component 
and occurs as aggregates attached to mud clasts (Figure 3.19).   Other uncommon 



































































































































Figure 3.14 X-ray diffractograms from whole rock analyses showing relative peak 
strengths for different minerals in the < 2 µm fraction. (A) Quartz, albite, anorthite 
and dolomite are the main nonclay minerals; while chlorite, illite and kaolinite are the 
clay minerals; CSM Strat Test #61 well 404.2 ft. (B) Similar to (A) diffractogram but 



































































































































Figure 3.15 X-ray diffractograms of clay separate analyses (<550 microns fraction) of 
the Dad Member from shallow (A), CSM strat test #61 and deeper (B) Powder 
Mountain 1-13E well in the Washakie basin. The clay samples underwent ethylene 
and glycolated mount.  The shallow sample (CSM Strat Test #61) show clear peaks 
of illite and albite compared to the peaks of Illite-smectite and smectite in deeper 





































































































































































Figure 3.16 Scanning electron microscope photograph. (A) Small plates of illite-
smectite (arrow) bridging pore space between K-feldspar (left), partially dissolved 
ferroan calcite (right) and quartz (top).    
(B) EDX Diffractograms illite-smectite (left), ferroan calcite (right).  CSM Strat Test #61 






























Figure 3.17 Clay alteration in Dad Member of the Lewis Shale.  (A) Selective clay 
alteration of plagioclases (P) (illite-smectite?); (XPL). (B) Mud intraclasts (MC), organic 
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Figure 3.18 Authigenic components of Dad Member of the Lewis Shale.  (A) Albite (Ab) 
showing “chess board” texture and monocrystalline quartz  (Qm), with overgrowth 
dissolution (Qo); (XPL). (B) Quartz overgrowth, minor carbonate cement (Cb-c) and 
clays (Cl); notice the probable dissolution of quartz cement and grain (arrows) and 
albite (upper right arrow); (PPL). Well Powder Mountain 1-13E 13,332 ft.  Scale bar is 
0.1 mm. 





























Figure 3.19 Authigenic, detrital components and contact types between detrital grains 
of Dad Member of the Lewis Shale. (A) Pyrite in mud intraclast (arrows); suture (S), 
concave convex (C) and long (L) contacts between detrital grains; Quartz overgrowth 
(Qo); clays as yellowish specks in mud intraclast that host pyrite and mica altered 
biotite (Bio); (XPL). (B) Pyrite grains in mud intraclast (arrows); microporosity 
developed together with clays (coatings brownish with a greenish to bluish tint between 
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diagenetic modifications include remnant chert within intensively dissolved mud clasts 
(Figure 3.20 and 3.21, respectively) suggesting that grain dissolution primarily affects mud 
clasts. 
1.18 3.1.3.1     Authigenic Variations Within and Between Wells  
The amount of normalized authigenic components present in each well (Table 3.6, 
and Figure 3.22 A-E) is relatively consistent, with the most variability in the amount of 
quartz cement (11 to 12%); carbonate cement (12 to 17%); clays as pore lining(4 to 7%), 
and clay as replacement (8 to 20%). Porosity shows similar variation in the intergranular 
and dissolution porosity types.  Other categories show variations of less than 6% (Table 
3.6).  These variations are not systematic relative to lithofacies, within and between wells, 
except for lithofacies LFA, which appears to have more quartz overgrowths and more clay 
content compared to other lithofacies. 
 This may be an inherent bias because most deeper samples are from this 
lithofacies.  Other contrasting variations or characteristics of lithofacies LFA are in the 
amount of intergranular porosity, and dissolution of grains.  Other components show only 
very minor variations, such as quartz overgrowths, clay and carbonate content (Figure 3.22 
A-G).  Variation within single wells is minimal between lithofacies. 
In summary, diagenetic changes within wells related to lithofacies are minor and are 
not systematic, whereas two populations are identified (Figure 3.22F) based on variations 
in quartz overgrowth: (averages 4% with s. d. = 5 and 22%, with s. d. = 9%), carbonate 
cement (16% with s. d.  = 13%, and 19% and s. d. = 12%), dissolution of grains (averages 
14% and 8% with s. d. = 13% and 11%), and all clays–clay cement, as pore linings and as 
replacement–(averages 34% and 26% both with s. d. = 15%). Variations in intergranular 
porosity are significant (averages 14% versus 0.4% with s. d. = 14% and 0.9%); another 
important variation occurs in the amount of microporosity (averages 0.5 and 35% with s. d. 
= 1 and 3%). These variations are interpreted to be mostly the result of depth of burial. 































Figure 3.20 Uncommon diagenetic feature, chert vein; also detrital grains and quartz 
cement on Dad Member of the Lewis Shale are shown.  (A) Chert veining (arrow) in 
mud intraclast (MC) in process of transformation to pseudomatrix; carbonate as 
replacement (Cb-R); abundant quartz overgrowth (Qo); (XPL) (B) Mud intraclast with 
chert veining (arrow). Some dissolution of cement (top center); (PPL) Well Cepo 21-18 
13,276 ft.  Scale bar is 0.1 mm. 
Qo 
Qo




































Figure 3.21 Dissolution of grains including some framework grains of Dad Member of 
the Lewis Shale.  (A) Different degrees of mud intraclast dissolution (MC); 
monocrystalline (Qm) and polycrystalline (Qp) quartz and biotite (Bio); chert, veining 
(arrows); quartz overgrowth (Qo) and carbonate cement (Cb-c); lithic metamorphic 
grain (Lm); (XPL).   (B) Dissolution of grains (D-g); the chert veining remains (arrows); 



























VARIATION OF AUTHIGENIC COMPONENTS















































10 TRITON 13,280 f t
10 TRITON 13,287 f t
10 TRITON 13,303 f t
10 TRITON 13,314 f t
10 TRITON 13,318 f t
10 TRITON 13,321.5 ft
10 TRITON 13,324 f t
OVERALL AVG 10 TRITON
VARIATION OF AUTHIGENIC COMPONENTS













































CEPO 21-18 LFA 13,262.5 f t
CEPO 21-18 LFA 13,267.4 f t
CEPO 21-18 LFA 13,276.5 f t
CEPO 21-18 LFA 13,280.6 f t
VARIATION OF AUTHIGENIC COMPONENTS













































1-USA AMOCO LFA 10,732 f t
1-USA AMOCO LFA 10,736 f t
1-USA AMOCO LFDa 10,737.5 ft
1-USA AMOCO LFA 10,756 f t
1-USA AMOCO LFACh 10,765 f t
1-USA AMOCO LFCh 10,774 f t
1-USA AMOCO LFA 10,794.8 ft
VARIATION OF AUTHIGENIC COMPONENTS













































ST-61 LFA 399.2 f t
ST-61 LFA 404.2 f t
ST-61 LFACh 457.2 ft
ST-61 LFACh 463.1 ft
ST-61 LFDa 470.3 f t
ST-61 LFACh 485.5 ft
ST-61 LFDa 570.4 f t
ST-61 LFA 591.5 f t
Figure 3.22 Normalized percentage variation of authigenic components and IGV 
arranged by lithofacies within sampled wells (A) CSM Strat Test #61; (B) 1-USA 
Amoco; (C) Cepo 21-18: (D) 10-Triton. Notice the similarity of lithofacies within wells 

























OVERALL AVERAGE VARIATION OF AUTHIGENIC COMPONENTS AMONG 






























































































Overall AVG Strat test 61
Overall AVG 1-USA Amoco
Overall AVG CEPO 21-18
Overall AVG 10-TRITON
Overall AVG POWDER Mt
VARIATION OF AUTHIGENIC COMPONENTS













































POWDER Mt LFA 13,332.4 ft
POWDER Mt LFA 13,344.4 ft
POWDER Mt LFA 13,350 f t
POWDER Mt LFA 13,360.5 ft
Figure 3.22 (cont.) (E) Powder Mountain well.  
(F) Overall average variation of authigenic components and IGV between wells 
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An estimation of the importance of porosity loss by compaction and cementation 
has been a subject of study by different authors (i.e., Rittenhouse, 1971; Houseknecht, 
1987, 1989; Wilson and McBride, 1988; Lundegard, 1992).  An assessment of the impact of 
porosity loss by compaction and cementation using the approach proposed by Lundegard 
(1992), which is a modification of Houseknecht (1987) and Ehrenberg (1989) is shown in 
Figures 3.23.   Lundegard (1992) presented two equations to determine the values of 
compactional porosity loss (COPL) and cementational porosity loss (CEPL) for an 
uncompacted sediment volume.  The COPL is expressed as a percent of original volume 
and is defined by equations [1] and [2]: 
COPL = Pi - {[(100 - Pi) x IGV]/ (100 - IGV)}           [1] 
CEPL = (Pi - COPL x (C/IGV)                      [2] 
 
Where: COPL = Compaction porosity loss. 
                    Pi = initial porosity or depositional porosity. 
                 IGV = Intergranular volume (total optical porosity plus total cement plus   
                            matrix). 
              CEPL = Cementational porosity loss. 
                     C = Volume percent pore filling cement. 
 
In addition, he proposed the use of the compactional index (ICOMPACT = 
COPL/(COPL + CEPL) as an auxiliary parameter to recognize the importance of 
compaction and cementation. ICOMPACT equals 1 when all porosity loss is by 
compaction, and equals 0 if all porosity loss is by cementation. 
The plot using the formula of Lundegard (Figures 3.23) shows in the vertical axis 
the porosity loss due to compactional process  (COPL), and, in the abscissa the 
cementational porosity loss (CEPL). The plot also includes a diagonal line, which is the 
line of equal porosity loss by compaction and cementation.  Samples above the line (to the 
left) have lost their porosity, mostly by compactional processes.  All study samples belong 
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Figure 3.23 (A) Cross plot of compactional and cementational porosity loss for the 
study samples; most of the samples lost the porosity by compaction. 
10-TRITON LFA 
CSM Strat Test #61 
CSM Strat Test #61 
1-USA Amoco LFA 
1-USA Amoco LFACh 
CEPO 21-18 LFA
10-TRITON LFACh








   
 70 
to the group of samples that lost their porosity mainly by compaction.   The calculated 
values (Table 3.6) for the compactional index (ICOMPACT) range from 0.63 to 0.98 and 
average 0.8 with s. d. = 0.11 indicating that the main mechanism of porosity reduction is 
the compactional process.      
  To evaluate the amount of silica cement generated from internal sources in the 
Dad Member, and assuming it is related to pressure solution (Figure 3.24 A, B), the 
pressure solution curve models proposed by Rittenhouse (1971) have been plotted following 
the methodology used by Stone and Siever (1996).  The start points of curves were 
positioned before the value at which pressure solution started or a stable packing 
configuration was reached.  For Figure 3.24 A it is approximately 34%, and for Figure 3.26 
B, approximately 37%.  The distribution of points shows that all samples lost silica 
generated from pressure solution.  In Figure 3.24 A, some points belong above the curve 
model for any sand with extremes in sorting (very poorly sorted or extremely well sorted) 
and angularity (very angular).  Considering the average values of IGV, approximately 17% 
for Figure 3.24 A and 25% for Figure 3.24 B, the predicted amounts of silica cement are 
10 and 5 % respectively.   Consequently, averaging values from both approaches for an 
IGV of 21% the model predicts that 5 to 10% of quartz cement is produced from 
intergranular pressure solution.  Considering that quartz cement average 3.6%, the silica 
loss is most probably due to the dissolution and later expulsion or removal by organic 
acids related to the generation of petroleum (Surdam et al., 1984; Pitman and Lewan, 
1997). 
 The diagenetic changes with depth are plotted in Figures 3.25 and 3.26.  There are 
few samples at intermediate depths, so the trends with depth are poorly constrained. 
These data show trends of a general increase of cement with depth, with only clays (clays 
as pore lining and clay as replacement) having an apparent negative trend (diminishing 
with depth). Carbonate replacement does not show a variation with depth.  Organic 
matter fill increases at about 304 m (10,000 ft), then decreases at further depths, 
suggesting that residual hydrocarbons are less prevalent at depth.   





















Figure 3.24 Cross plot of quartz cement versus IGV including the Rittenhouse (1971) 
pressure solution model curves (blue curve is the maxima cement to solution ratios for 
different amounts of porosity loss for any sand; pink curve is the maxima cement to 
solution ratios for any sand with extremes in textural sorting or grain angularity).  (A) 
IGV = intergranular volume + cements + matrix.  (B) IGV= 100 %- (sum of detrital 
framework grains + matrix+pseudomatrix+clay and carbonate replacement of grains). 
Samples below the curves have lost silica (with respect to pressure solution only). 
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Figure 3.25 Cross plot of authigenic components versus depth in all study wells (A) 
cement types, (B) Miscellaneous modifications.  Plots have either one line that 
represents trend of maximum values or two lines that enclose minimum and maximum 
values.  Trends are meant to show generalized vertical variation.  
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Figure 3.26 Cross plot of porosity, IGV, and total cement versus depth and 
interpretative curve trends in all study wells. IGV variation and the total cements are 
also included.  Plots have either one line that represents trend of maximum values or 
two lines that enclose minimum and maximum values.  Trends are meant to show 
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1.19 3.1.3.2     Types of Porosity  
Six types of porosity were differentiated, following the classification of Schmidt 
and Macdonald (1979a).  The main types of porosity are dominantly secondary in origin.    
 Intergranular porosity (average 2.1%), is mostly present in shallow buried samples 
(i.e., CSM Strat Test #61).  This type of porosity is probably primary (Figure 3.11).  Some 
porosity values within this category were counted in the Powder Mountain 1-13e well, 
although they are probably the result of an extensive dissolution, which was difficult to 
determine. 
Intragranular porosity, (average 0.1%) similarly to intergranular porosity, was 
counted only in some wells; however, this type of porosity is also visible in trace amounts in 
all study samples (Figure 3.8). 
Fracture porosity (<<0.1%), is almost exclusively found in CSM Strat Test #61, but 
also in trace amounts in the other study wells, although they did not appear in the point 
count data.  This porosity is related to fractures in monocrystalline quartz and to a minor 
extent in feldspar grains.  
Grain dissolution (average 3.6%) dominantly affects mud intraclasts, chert, and 
feldspars (Figures 3.3, 3.18, and 3.21) and rare quartz (3.27), and is one of the most 
common types of secondary porosity. 
Dissolution of cements is inferred to occur in deeper samples (Figure 3.18). 
Microporosity occurs with clays (Figures 3.7, 3.8).  Pore size is generally less than 20 
microns. This type of porosity was differentiated where the clays have an “apparent” 
greenish color (due to the blue epoxy mix). 
 The different types of porosity show trends of early reduction of porosity (see cross 
plot of IGV versus depth), assumed to be related to compaction (Figures 3.23 and 3.24), 
and later enhancement of intergranular porosity and microporosity (Figure 3.26).  It is   





















Figure 3.27 Scanning electron photograph and diffractograms of sandstone sample of 
Dad Member of the Lewis Shale. (A) Probably quartz grain dissolution (Qz), Illite-
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worthwhile to notice that intergranular porosity, as identified in this study, included some 
cement dissolution and was difficult to recognize.  Microporosity and dissolution of cement 
appears to increase in the deeper samples, suggesting a late dissolution event. 
1.20 3.2     Paragenetic Sequence of Dad Sandstone Member  
 Timing of the different diagenetic events (Figure 3.28) was defined by looking at 
the relationship between different diagenetic components under the microscope and SEM. 
The major diagenetic modifications defined in this study are similar to those described for 
the Hay Reservoir field (Van Horn and Shannon, 1989), which includes the lower part of 
the Dad Member of the Lewis Shale in the Red Desert or Great Divide basin.  These major 
diagenetic events are grouped in a scheme of diagenetic evolution modified from Schmidt 
(1985), cited by Van Horn and Shannon (1989). They are described in terms of eogenetic 
modifications, or early diagenesis, and mesogenetic modifications, or effective burial  
(Schmidt and McDonald, 1979b).   
1.21 3.2.1     Early diagenesis 
The eodiagenesis regime includes the changes due to processes that occured 
near the surface environment, and are mainly controlled by the surface environment 
(Schmidt and McDonald, 1979b). 
 Early clay infiltration occurred during or shortly after deposition of sandstones, and 
is visible as dust rimming the quartz grains. These clays are often irregular and 
discontinuous coatings of Illite? and mixed illite-smectite (MLIS)?   Soon after, an early 
stage of chemical precipitation of quartz cementation occurred and was observed and 
recognized by the presence of dust rims of clays. Its presence in floating grains implies an 
addition of silica, not from pressure solution, but from chemical precipitation, which is 
inferred to be in a near-neutral pH environment.  This environment also favors the 
precipitation of chlorite, which is more abundant in shallow buried samples (i.e., CSM Strat 
Test #61) replacing mostly biotites and some ferromagnesian minerals. Intergranular  
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porosity is still present, and probably later enhanced by leaching of muddy matrix, 
considering that they are more weathered compared to the basinward samples. 
1.22 3.2.2     Mesodiagenesis 
This diagenetic regime includes processes that occurred during effective burial, 
where secondary porosity can be developed and leaching of eogenetic constituents 
occurred (Schmidt and McDonald, 1979b).  Based on charts of diagenetic modifications 
related to depth (Figures 3.25 and 3.26), and the burial history data, this diagenetic 
regime is inferred to have occurred at depths below approximately 2,500 m (8,000 ft), a 
depth at which changes in the trend of diagenetic components is visible.  
 Mechanical compaction includes the reduction of primary porosity and an 
dissolution of feldspars, mainly K-feldspar. Deformation and replacement of micas 
(Appendix 3.8.4 and 3.8.5) continued, and deformation of mud clasts allowed the 
formation of pseudomatrix.  
Chemical compaction is the other mechanism of porosity loss, which includes 
quartz overgrowth formation, clay replacement, calcite cement, calcite replacement, 
early albite cement and replacement, and a continuation of dissolution of detrital grains 
(lithics, feldspars). Quartz cement occurred in different styles of precipitation (see 
diagenetic features).  Clay replacement of early infiltrated clays is present, with dominant 
replacement of metamorphic, volcanic and mud clast grains by a second generation(?) or 
stage of illite formation, which is more abundant in samples at 10,000 feet depth (1-USA 
Amoco well).   
 A carbonate cement stage started to precipitate at the end of the chemical 
compaction process, which includes calcite that replaced feldspars and precipitated 
concurrent with or after silica cement (Figure 3.12).  During chemical compaction, early 
replacement and precipitation of albite cement is also present.  Together with the 
cementation process, a second dissolution stage of mud clast and chert portrays the main  
   
 79 
dissolution stage. 
The main dissolution process is characterized by the dissolution of grains (lithics, 
feldspars and possible quartz, Figure 3.27).  In addition, during this process, an early 
hydrocarbon infill is inferred, which could have helped the dissolution of the different 
detrital grains and diagenetic constituents. 
The hydrocarbon infill is present and visible as a relict in pore spaces and a late 
increase in mechanical compaction reduced the secondary porosity in this phase. 
1.23 3.3     Reservoir Quality  
Standard plug analysis of porosity and permeability from samples of Cepo 21-18 
and Powder Mountain 1-13E and CSM Strat Test #61 wells, compared with petrographic 
values (Figure 3.29), indicate that the thin section porosity is underestimated for samples 
with high intergranular porosity or shallow buried samples. This is likely due to the 
presence of additional microporosity, which is difficult to identify in thin sections.  For this 
reason, the core plug analyses (porosity and permeability) are used in the evaluation of 
reservoir quality since these values better represent the available gas storage capacity 
and flow properties. 
Original porosity is reduced initially by compactional processes and later modified 
predominantly by cementational processes, with the precipitation of quartz and carbonate 
(ferroan calcite) as the main factors of porosity reduction.  Later enhancement of porosity 
is due to the dissolution of grains, predominantly mud clasts, chert, and feldspars.  The 
reservoir quality is also affected by the total amount of clays (Pseudomatrix+clay 
cement+clay as pore lining+clay replacement).  This style of diagenesis of the Dad Member 
corresponds to the quartz-dominated style of Primmer et al. (1997), characterized by its 
association with smaller quantities of neoformed clays (kaolinite) and a late stage of 
ferroan calcite. 
There is a significant difference in production between the Powder Mountain 1-13E  





















Figure 3.29 Relationship of measured helium porosity and thin section porosity. Notice 
the underestimation of point count porosity relative to measured porosity for shallow 
samples (CSM Strat Test #61) and three samples from Cepo 21-18 well.  The point 
count data for Powder Mountain 1-13E show values somewhat higher than the he-
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and Cepo 21-18 wells that may be due to different factors such as variation in thickness of 
sandstone bodies, internal lithological variation, structural location of wells, location with 
respect to the depositional setting and differences in the degree of compaction, diagenetic 
history (porosity preservation and later enhancement) and formation damage.     
 There is a variation in thickness as shown by Minton (2002, his Figure 4.13).   The 
Cepo 21-18 well is located more toward the channel; in contrast, the Powder Mountain 1-
13E well is in a thinner interval toward the outside of the fan or channel lobe.  Internal 
lithological variations also can account for the differences in production.  As pointed out by 
Minton (2002) thin-bedded sandstones, flame structures, distorted bedding (probably due 
to dewatering) are more common in Powder Mountain 1-13e well compared to the Cepo 
21-18 well (see Appendices A2.2, 2.4, A2.7 and A2.9). Cepo 21-18 is also located 
structurally almost 60 feet above Powder Mountain 1-13E well (see also Figure 3.2), 
making it a better potential trap. 
 The conventional core analyses indicate an average porosity of approximately 8% 
with a permeability of 0.045 md for the Powder Mountain 1-13E and Cepo 21-18 wells 
(Appendix 3.4).  Compared to the Hay Reservoir field (Van Horn and Shannon, 1989), 
these values are in a similar range (about 8% porosity and 0.1 md permeability). However, 
Figure 3.30 shows the relationship of porosity and permeability with depth.  The Cepo 21-
18 well clearly has better porosity and permeability. 
 There are no significant differences in depositional setting between the two wells 
other than those expressed in the internal lithologic variations. Based on petrographic 
observations, the better reservoir quality in the Cepo 21-18 well does not appear to be due 
to differences in degree of compaction or diagenetic history.  Powder Mountain 1-13E 
contains a relatively higher amount of chlorite compared to the Cepo21-18 well with very 
subtle textural variation such as in the higher degree of sorting and roundness in Cepo 21-
18.  This chlorite could be mobilized during any acid treatment (Pittman, 1989) performed 
on the Powder Mountain, resulting in formation damage and decreased permeability, but 
the data are not available to confirm this hypothesis.  
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In summary, the factors that account for a reduced reservoir quality, and thus 
production in the Powder Mountain 1-13E well compared to the Cepo 21-18 well might be 
as follows: the structural position, the internal lithological variation related to the 
depositional setting and hence to the framework composition together to the diagenetic 
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Detrital compositions of the samples in this study are either subarkosic or arkosic 
arenites. 
The samples with an arkosic arenite composition are from the CSM Strat Test #61 
and 1-USA AMOCO wells and include the light blue sandstone, as well as other 
stratigraphic intervals. Based on the data, there appears to be a difference in detrital 
composition related to location. The variation in authigenic components is mostly due to 
the burial depth.  
 The major variations between samples are in the volume of diagenetic 
constituents. Those are controlled by depth, and to a lesser extent, the textural 
parameters. Control of diagenesis by lithofacies was not observed, but more samples are 
required for a complete evaluation.  
 Physical compaction accounts for most initial porosity loss.  During later 
diagenesis, the cements, mainly quartz and carbonate, together with the total amount of 
clays, account for the porosity reduction; consequently, the volumes of diagenetic 
constituents are a secondary control on porosity in the Dad Member. In addition, late stage 
porosity enhancement is observed and appears to be due to the dissolution of lithic grains, 
feldspars and chert.  
There are some indicators of the temperature history found in the authigenic 
phases and organic matter maturation parameters in the study area.  The increased 
amount of illite (below about 8000 ft) indicates that temperature was at least 100 to 130oC  
in the deeper sections.  The albitization of feldspars also occurs at temperatures greater 
than 100 oC in most sedimentary basins and is observed in the deeper samples.  
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Precipitation of later quartz overgrowth has been shown to occur at temperatures greater 
than 80 oC, as pointed out by previous studies (McBride, 1989).  In the study area, Law 
(1984) reports values of vitrinite reflectance from 0.48 to 2.4 suggesting that organic 
maturation begins at about 7500 feet and that deeper samples are in the petroleum 
generation window.  All these changes are consistent with the present day temperatures 
based on the geothermal gradient calculated from bottom hole temperature data.  
A comparison of the diagenetic evolution of the Dad Member with other Mesozoic 
and Tertiary sandstones indicates a similar diagenetic history, with an initial clay 
infiltration, followed by mechanical compaction and then cementation by quartz 
overgrowths and carbonate cement together with the formation of chlorite and Illite. 
Although the diagenetic evolution of Dad Member is similar to other Mesozoic and Tertiary 
sandstones, there are some differences that are important in reservoir quality, such as late 
secondary porosity development.   
4.1     Conclusions 
The analysis of petrographic samples from the Dad Member of Lewis Shale lead to 
the following conclusions: 
• Two types of detrital compositions are identified, one arkosic sandstone, 
related to samples from the south central part of Washakie basin, and arkosic 
arenites, related to samples from the eastern side and north central part of the 
Washakie basin (CSM Strat Test #61 and 1-USA Amoco, respectively). 
• No clear relationship was found between the lithofacies identified in previous 
work (Witton, 2000; Goolsby, Ph. D. dissertation in progress) regarding the 
composition or diagenetic modifications.  
• The main cements are quartz and late carbonate (ferroan calcite).  Because no 
dominant pressure solution has been identified, some silica may be derived 
from the dissolution of feldspars and from mud rocks. 
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• The main enhancement of porosity is caused by the late dissolution of mud 
clasts, chert and feldspars. Most of the porosity is identified as secondary 
and/or microporosity, rather than preserved primary porosity. 
4.2     Recommendations 
• Fluid inclusion studies of silica and carbonate cement could define the possible 
presence of different stages of cementation. 
• Diagenetic studies of the interbedded shales could confirm the enrichment of 
illite with depth, and the relationship of shale diagenesis to the adjacent 
sandstone bodies.  
• Because the mud clasts and cherts are affected by dissolution, improved 
quantification of this component compared to possible dissolution of quartz and 
carbonate cements can refine the relative contributions to secondary porosity.  
• Chronological studies of the bentonite beds could provide a better temporal 
framework for the stratigraphic correlations. 
• It is strongly suggested that a single nomenclature be used inside the Lewis 
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Appendix A1.1 E-W Stratigraphic cross section.  The different sandstone bodies of Dad Member are colored other 
tops are as indicated. Dash black lines are coal beds.  Line section is shown in Figure 1.2. 
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Appendix A1.2 N-S Stratigraphic cross-section.  The different sandstone bodies of Dad Member are colored other tops 
are as indicated. Dash black lines are coal beds.  Line section is shown in Figure 1.2. 
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         Appendix A1.3 Cross section well data.  At the top is a list of the wells in the E-W cross section and at 
the base a list of wells in the N-S cross section.  In Bold is listed the tie wells and in bold italics and 




















































1-USA AMOCO, Sec 18, T17N, R95W
L v.f. SSt (LFA)
 V.f. Massive  SSt (LFA)
L v.f.Laminated SSt (LFDa?) L v.f. Very crudely laminated 
sst(LFA)
L v.f. sst and sltsst interbedded with thinly
laminatedirregular shale partings and rip up
clasts at top and defformed siltstone sst(LFACh)
V.f. Massive St (LFACh) v.f. Thinly irregularly laminated













Figure A2.1 Core slab of the Lewis shale  “Dad Member” interval from 1-USA Amoco well from 3,271 - 3299 m (10,730 to 10,822 ft) and above 209 m (686 ft) from Asquith marker. Note the local and 
thin interlayering of sandstones and shales (10,730-10,743 ft).  In addition, Ta-c Bouma sequences are present (i.e. 10765 - 10,766 ft).  (B). Samples of sandstones from different lithofacies (LFA, 











































 Figure A2.2  (A) Core slab of the Lewis Shale  “Dad Member” interval from CEPO LEWIS 21-18 from 4,039 - 4049 m (13,250 to 13,283.7 ft) and above 221 m (725 ft) from Asquith marker. Note the 
thin and evenly interlayering of sandstones and shales at the highly carbonaceous zones; locally resembling flaser bedding (13,253; 13,254.5 ft) and nodular? bedding (13,278 ft) or dewatering 
structures.  (B). Samples of sandstones from interpreted lithofacies A (classification scheme of Witton, 1999). 


























































Figure A2.3  (A) Core slab of the Lewis Shale  “Dad Member” interval from 10-Triton core well from 4047 - 4065 m (13,278 to 13,336 ft) and above 527 m (1,729 ft) from Asquith marker. Note the 
interrlayering of sandstones and shales at the highly carbonaceous zones, and the sandstones with dominant a and c Bouma sequences. (B). Samples of sandstones from lithofacies A and lithofacies 
LFACh of classification schemes of Witton (1999) and Goolsby (2001). 
A
13,280 ft 13,287.5 ft 13,314.5 ft13,303.7 ft
B












LFACh LFCAch LFA LFA LFA LFALFA
V.F rougly laminated sst. L.V.F and finely laminated sst. V.F crudely laminated sst. L.v.f. Structureles sst. L.v.f. High ly compacted or
 cemented sst.
V.f. Crudeluy laminated sst. V.f. Structureless sst.












































Figure A2.4 (A) Core slab of the Lewis Shale  “Dad Member” interval from Powder Mountain 1-13E 4063- from 4078 m (13,329 to 13,378 ft) and above 233 m (766 ft) from Asquith marker. Note the thin 




















                                          
1-USA Amoco, T17N, R95W, SEC 18 NE SW NE




















10,730.0-10,737.0: Sandstone, fg-vfg,, mo derately sorted.  
Includ e thin (milimetric)  weakly convoluted black shale 
layers, with flame structu res (10,730 ft and 10733.5 ft). 
Loca lly rip up mud-clast s are present (10,737.5 ft).  Very 
small  detrital grains include: quartz, sanidine, 4-3% lithics, 
chalcopyrite? +/- glauc onite?
Grain Size Profile, B iogenic
and physical 


















































































































10,737.0-10,739.9: Th in  Inter lyering of shale  with sandstone 
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 settli ng,   
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wavy 
lamination













10,739.9-10,742.8: Mas sive sandstone vf-fg, with variable 
amo unt of calcite cem ent (1-5%).
10,742.8-10,743.0: Th in Inter lyering of shale with 
10,753.5-10,755.0: Mas sive sandstone vfg -fg, include two 
intervals of thin inter laye red shale with sand stone with 
parallel and wavy lamination +/- dewater ing features.  One 
of the shale interbeds (13,754.4-13,754.7), include shale 
rip-up  clasts at base.
10,755.0-10,758.1: Sandstone vfg, at top i t has weakly 
subp arallel bedding.
10,758.1-10,758.25: Black shale mix with vfg  
sandstone.
10,743.0-10,753.5: Sandstone vfg, locally  show change in 
color (grayish to buffer)  in "subangular forms" due to more 
siliceous cement.





















10,758.25-10761.0: Ma ssive sandstone vfg. At base show a 
textu ral feature with mic a as a rim that sep arates a lower 
portio n that has "flame like texture" characterized by 
-Massive
Appendix A2.5  Lithoestratigraphic unit of the 1-USA Amoco well is shown along with characteristic gamma ray 
profile, core description and interpretation of depositional environment, and the interpreted lithofacies.  
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1-USA Amoco, T17N, R95W, SEC 18 NE SW NE
















10,756 ft Log depth
10,764 ft Core de pth
10,758.25-10761.0: Ma ssive sandstone vf g. At base show a 
textu ral feature with mic a as a rim that separates a lower 
port ion that has "flame like texture" characterized by the 
lowe r content of calcite  cement compared with the upper 
port ion.
10,761.0-10,764.1: Black shale, including two interbedded 
sand stone beds vfg that divide the dominant shale interval.  
At 10 ,761and 10,763 the shales have parallel lamination 
towa rds its top and wavy lamination at its base.
10,764.1-10764.5: Sandstone vfg, interlayered 
with silstone with Bouma Td sequence?
10,766.0-10,768.0: Sandstone vfg-fg with shale rip-up 
clasts at base and with  parallel lamination toward its top.
10,768.0-10,774.75: Massive sandstone vfg-fg,  scattered 
mud -clasts are present.  The in terval include: zones with 
weak parallel lamination and cross beddi ng (10,771.6) and 
a shale interval with stro ng parallel lamination at 10,771.2.
10,774.75-10,784: Shale dark gray to blackish in color, with 
synsediimentary deform ation featu res, locally with parallel 
lamination.
10,784-10,790: Massive sandstone vfg. Broken pices 
possible fracture zone.
   
TRA CTION
-Massive


















10,765.0-10766.0: Sandstone vfg-fg, with  Ta-Tc Bouma 

































Appendix A2.5 (cont) Lithoestratigraphic unit of the 1-USA Amoco well is shown along with characteristic gamma ray 
profile, core description and interpretation of depositional environment, and the interpreted lithofacies.  
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1-USA Amoco, T17N, R95W, SEC 18 NE SW NE















10,790.7-10,793.5: Massive sandstone vfg -fg, with some 
parallel lamination at to p.
10,793.5-10,795.5: Sandstone with  shale intervals at 
10,793.8 and at 10,795. Some dewatering structures are 
pres ent.
10,7Black shale with strong parallel lamina tion, with 
varia ble amount of dis seminated pyrite (5-10%).  At about 
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Appendix A2.5 (cont.) Lithoestratigraphic unit of the 1-USA Amoco well is shown along with characteristic gamma ray 
profile, core description and interpretation of depositional environment, and the interpreted lithofacies.  
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Cepo 21-18, T14N, R95W,SEC 18 NE SW SW
Core description and gamma ray signature
















































































































































13,250ft Core  depth
13,249.0-13,251. 5:  Massive sandstone fg, with scattered 
mud-clasts. 
 - Parallel 



























13,251.5-13,57.4   Black shale with dominant parallel 
laminations, interlayering with thin sandstone beds.  Small  
riples are present, locally  with dewatering structures, 
lenticular riples, and starved riples.  C ontactacts at base 
and top are sharp ..  At 13,257.2 scatt ered oriented mud-
clasts.  Very fine d isseminated pyrite is  present. contact 
between shale and sandstone are sharp and transitional.   
Locally thin massive  sandstone vfg isp resent (i.e., 13257 




- G ravity 
flo w
13,257.4 276.75.   Dominatly Massive sandstone fg, Local ly 
at base dish struc turesand minor scour surfaces.  minor 
fractures filled by mud. At base also d ewatering structures  
are present.  
- Strructureles,








13,276.5-13,277. 8: Black shale (highly carbonaceous) 
mixed with a sandstone. that shows d ewatering structures, 
starved riples as part of a slump breccia. 
- Dewatering.


















Appendix A2.6 Lithoestratigraphic unit of the Cepo 21-18 well is shown along with characteristic gamma ray profile, 
core description and interpretation of depositional environment, and the interpreted lithofacies.  
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Appendix A2.6 (cont) Lithoestratigraphic unit of the Cepo 21-18 well is shown along with characteristic gamma ray 
profile, core description and interpretation of depositional environment, and the interpreted lithofacies.  
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13,278.0-13,282. 5: Sandstone, vfg, dominantly massive 
including minor shale beds.  At base include convolute 
beds with rip-up c lasts overlied by ma ssive sandstone that 
underlies dark shale with parallel lamination.  Over this be d 
very fine sandstone rests, locally fining  upwards and 
including very minor dewatering structures plus two thin 

























13,291.6-13,297.0: Sandstone  vfg-fg , fining upwards and 
interbedded with dark shale layers showing transitional 
contactrs. Dewa tering structure and sparse rip-up mud-
clasts are present locally (13,295.3-134,295.5)..   
13,282.5-13,291.6: Sandstone,vfg, fin ing upwards 
interbedded with shale; include scat ter r ip-up mud-clast s 
at base. This zone with rip -up clasts are overlied by thin 
sandstone bed with dewatering structure. Dark shale bed s 
overlie this bed a nd underlie a domi nantly massive 
sandstone that a t base include mino r dewatering structure 
and at top passes transitionally to a thin shale.  Over this 
shale a sandstone bed massive at b ase, with dewatering  
structures and rip up clasts in its midle  part, and with crude 
cossbedding at its top (13,285-13,288) under lies a dark 
shale interval.  The dark shale have crude parallel 
lamination and very thin silty layers.  The upper part is a 
sandstone  vfg, m assive, wich transiti onally passes to adark 
shale interval with  parallel laminations and minor flame 
structures. 
13,297.0-13,303.95: Sandstone, vfg, interbedded with da rk 
gray shales, massive at base (13,301 .5-13,33.95) that 
transitionally pas ses to a interbedded  shale-silt layers that 
locally displays p arallel, dewatering, and flame structure s 
at top.  Another s equence of massive sandstone that 
gradually passes to shale is present; the  top of this interv al 
include rip-up cla sts and dewatering structure (13,297.1-
13,297.3) and is overlied by a thin da rk shale bed..
13,303.95-13,315.5: Sandstone, vfg, similar to the previo us 
described interval, but with more do minant shale interval in 
the  middle portion characterized by its parallel lamination, 
interbedded  wit h silty sandstone with calcite cement in 
silty beds. (<1 m m - 1 cm thick).  About 13,312 sst bed 































Appendix A2.7 Lithoestratigraphic unit of the 10-Triton well is shown along with characteristic gamma ray profile, core 
description and interpretation of depositional environment, and the interpreted lithofacies. 
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13, 315.5-13,316.5: Silty and shale interva l, with silt at base 
iof s halt, ncluding some rip-up clasts that  transitionally 



























13, 316.5-13,326.4: Sa ndstone, vfg, includ ing minor shale 
inte rvals with transitional contacts and wit h dewatering 
texture at top of sands tone beds. Locally cross bedding is 
visib le (about 13,319.5)..
13, 326.4-13,331.0: Sa ndstone, vfgL, including some shale 
rip up clasts and with more dewaterinfg t exture at base.
13, 331.0-13,335.0: Do minatly shale inter val interbedded 











Appendix A2.7 (cont) Lithoestratigraphic unit of the 10-Triton well is shown along with characteristic gamma ray 






















































10,153-10,154.70:  Black to dark gray shale interbedded 
with vfL grain sandstone light gray to bluish in color  
moderate ly so rted,  usually w ith  parallel lamination at top 
and slightly crossbedded.
14-2 McPherson, T13N, R94W, SEC 14 NW NW NE









































10,154.70 -10,155 .50: Interbedded vfL grain sst. and dark 
gray shales. Sandstone intervals locally shows r ip-up 
clasts.
10,158.00- 10,160 .50: Interbedded vFL grain s st. And 
shale. Sandstone fines upward s howing crudely crosbeds 
or climbed ripple laminations at top and locally wavy 
laminationat base.  Shales are dark gray w ith parallel 
lamination.
10,160.50- 10,162 .00: Sandston e inte rbedded with shale.
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  - slightly
 crossbedding
L FB?
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Appendix A2.9 Lithoestratigraphic unit of the 14-2 McPherson well is shown along with characteristic gamma ray 
profile, core description and interpretation of depositional environment, and the interpreted lithofacies. 
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A1-Champlin 445 Amoco, T17N, R92W, SEC 15 C SW 
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7350.0-7 374.5: Shale, locally including thin laninas of  
sandstone The sandstones are  vfg with normal gradi ng and 
well sorted.
The shal e is dark black, containing variable amounts  of 
dissemin ated pyrite (,1 to 1%) locally possible chacopyrite. 
Pyrite gra ins  are subangular to  subrounded and occurs 
along layer of < 1mm. 
At abou t 7360 a small reverse  fault is present, later fi lled by 

















Appendix A10 Lithoestratigraphic unit of the A1-Champling 445 Amoco well is shown along with characteristic 
gamma ray profile, core description and interpretation of depositional environment, and the interpreted lithofacies. 
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B1-Champlin 226 Amoco ,T17N, R93W, SEC 09 SW 









































































Description / Com ments
INTERPRETATION
























Grain Si ze Profi le, Biog enic
and physical 



















8,959- 8 ,967,8: Shale dark gray to blackish, intebedded 
with sna dstone vfg, wich have calcite in avriable amounts 
(<1 - 3%) minor lithics are brownish in color, dissemi nated 
pyrite < <1% along layers. 
8,967.8-8,982: Shale dark gray to blackish, with para llel 
laminat ion.  Syngenet ic? Pyrite  along layers ; some as 
scattere d rip-ups, 2 mm in size  variying f rom 3-5%.  Pyrite 
grains a re subangula r to subrounded, +/- rounded grains ;  




Appendix A11 Lithoestratigraphic unit of the B1-Champling 226 Amoco well is shown along with characteristic 
gamma ray profile, core description and interpretation of depositional environment, and the interpreted lithofacies. 
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4,790.0- 4,792.2: D ominatly massive sandstone vfg, light 
brown to dark cream  in colo r, wi th clear variability in the 
amount o f calcite cem ent as fol lows:
 
from  4,79 0.0-4790.5 Ca ,1%.
from  4,79 0.5-4791.0 Ca 3-5%. 
form  4,99 1.0-  4791 .8 Ca <1 %.
from  4,79 1.8-4,792 .2 Ca=5 0%.
from  4,79 2.2-4,798 .8 NO vis ible calcite.
from  4,79 8.8-4,480 0 Ca<5%.
After  4,800 Calcite  > 80%.
Detr ital components are:
quartz 80-890%; muscovite 1%, Dark grains <= 10% (dark 
brown, black, lithics and also gfe ldspar is v isible.  Overall 
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Appendix A2.12 Lithoestratigraphic unit of the 14--Unit well is shown along with characteristic gamma ray profile, core 
description and interpretation of depositional environment, and the interpreted lithofacies. 




The raw point cont data include the following parameters: 
 
Detrital Framework Grains:  
 Qm = Quartz Monocrystalline; Qp = Quartz Polycrystalline (2-3 and >3 units per 
grain); Ch = Chert; K = K-feldspar; P = Plagioclase; Ls, Lithic Sedimentary (=MC, 
mud clast); Lv, Lithic Volcanic; Lm, Lithic Metamorphic; (later grouped as Lt); Cb-
D = Carbonate detrital; Mus = Muscovite; Bio = Bitotite; H = Heavy Minerals (Zr, 
Rutile); OM = Organic Matter.  
Matrix = Different types of detrital and authigenic fragments < 30 microns;  
Pseudomatrix = Deformed grains of Chert, Mud Clasts, Clays and Organic Matter?  
Cements: 
Qo = Quartz overgrowth; Cb-c = Carbonate cement; Ab-c = Albite cement; Cl-c = 
Clay cement. 
Miscellaneous Modifications:  
 Cl-L = Clays as pore Linning; Cl-R- Clay Replacement (clay replacing Ch, P, MC,  
 Lt = Ls+Lv+Lm+MC); Cb-R = Carbonate Replacement (replacement of feldspars);  
OM-F = Organic matter infill. 
 Porosity: 
 ITER = Intergranular; ITRA = Intragranular; Frac = Fracture; D-g = Dissolution of  
 grains (Plg; K; Ch; Qz; MC, Mud Clast); D-c = Dissolution of cements (Qo; Cb-c;  



























 Average detrital grain size, 0.18 mm range 0.05-0.4 mm (upper fine grain size) 
Grain sphericity and roundness, Low sphericity (Sp=0.69); subangular grains with very minor subrounded (<3%) 
Grain sorting, poorly to moderately sorted.  So = 2.0  
Grain orientation, elongated grains (micas, Quartz, Plagioclase) crudely oriented  
 Nature of contacts, mostly long and point contacts together to minor long and concave convex plus some floating  
 grains.  Estimated contact index (CI) = 1-2 
 Textural maturity immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
 Main components  
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.3 mm average  
  size  
 Monocrystalline (Qm), Angular to subangular (minor subrounded) grains about 0.3 mm average size in  
sectors supported by altered mud clast pseudomatrix. Some grains are fractured and some show concoidal 
fracture. Other fractured are filled by clays. 
 Quartz Polycrystalline (Qp), polycrystalline grains subrounded some in process of dissagregation (very  
         minor). 
 Chert (Ch), (average 0.15 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common, oolitic variety appears occasionally. 
  K-feldspar (K), (0.02-0.20 mm average 0.1 mm) Fractured subangular grains in contact with chert altered by clays  
  crystals (illite –smectite?) and clays with brownish color. Some grains are strongly dissolved. 
Plagioclase (P), (0.08-0.25mm) angular to subrounded fragments subhedral broken crystals, in sectors cemented 
by chlorite. Less altered compared to K-feldspar. 
Lithics (Lt), include mostly mud clasts (MC), which are often altered to clays and in process of being 
pseudomatrix; volcanic fragments (Lv) usually including plagioclase microlites, others are metamorphic fragments 
also often altered to clays that replaces selectively thorough gneissic texture.   
Carbonate detrital (Cb-D) as “aggregates” or accumulations of small grains and as individual subhedral broken 
rombohedral fragments. 
 Minor components 
Biotite (Bio), weakly altered flakes locally slightly bended and in sectors undeformed and some replaced by 
chlorite. 
  Muscovite (Mus), very small grains compared to biotite and usually sunhedral crystals. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays.   
Chlorite, mostly product of replacement of micas (biotite), but also occurs replacing other ferromagnesian 
minerals (pyroxene?). And locally filling open spaces.  
   Kaolinite, filling open spaces. 
  Goethite, dark redish fragments. 
  OM, filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix, often clays and minor subangular fragments of feldspars, carbonates (all < 30 microns) 
Pseudomatrix mud clasts and lithic volcanics and biotite grains are “smashed”. 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, about 0.085 mm. occurs 
surrounded by feldspars and in sectors cemented by carbonate (calcite). 
  Cb-R, less percentage compared with detrital ones. Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is cement quartz and feldspar; clay cement late clays (Illite-smectite? and chlorite) alteration 
Porosity types Intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate detrital). 
Comments  













 Average detrital grain size, 0.15 mm range 0.02-0.4 mm (lower fine grain size) 
Grain sphericity and roundness, low sphericity (Sp=0.73); angular to subangular 
Grain sorting, poorly to very poorly sorted.  So = 2.7  
Grain orientation, crudely oriented elongated grains and elongate organic matter. 
 Nature of contacts, mostly point contacts and long rare concave convex plus some floating  
 grains.  Measured (CI) = 1.9 
 Textural maturity immature fine grain sandstone (lower fine grain size) 
Detrital Framework Grains 
Main components  
Quartz occurs as three types, dominantly angular to subangular grains.  
 Monocrystalline (Qm), (0.12 mm Average) angular to subangular (rare subrounded, <3%) grains, in sectors 
supported by altered mud clasts.  Some grains are fractured and some show concoidal fracture resembling glassy 
shards. Other fractured are filled by clays. 
 Quartz Polycrystalline (Qp), polycrystalline grains subrounded (very minor), some in process of  
         dissagregation. 
 Chert (Ch), subrounded grains usually altering to clays “fine grain and medium grain” varieties are common, 
oolitic variety appears occasionally. 
  K-feldspar (K), (0.02-0.20 mm average 0.1 mm) fracture, strong to moderately (partially) dissolved some  
  Unaltered often altered by clays crystals (illite –smectite?) and clays with brownish color. 
Plagioclase (P), (0.08-0.25mm) angular to subrounded fragments subhedral broken crystals, in sectors cemented 
by chlorite. Unaltered of less altered compared to K-fedspar.  
Lithics (Lt), include mostly mud clasts with different degree of alteration by clays; volcanic fragments not easily 
identifiable also are altered by clays. 
Carbonate detrital (Cb-D) as “aggregates” or accumulations of small grains and as individual subhedral broken 
rombohedral fragments. 
Minor components 
Biotite (Bio), weakly altered flakes locally slightly bended some “smashed” showing increase of compaction some 
replaced by chlorite and other clays. 
  Muscovite (Mus), very small grains compared to biotite and partially altering to clays.  
Clays, usually Illite-smectite? occur filling open spaces and replacing detrital grains (chert, feldspars, metamorphic, 
volcanic lithics, biotites and muscovite). Other? variety occurs as pseudomatrix occluding pores, Possible 
recrystallization of infiltrated clays.   
Chlorite, mostly product of replacement of micas (biotite), but also other ferromagnesian minerals 
(pyroxene?), and locally filling open spaces.  
   Kaolinite, filling open spaces and around detrital grains. 
  OM, (<1%) filling intergranular pore spaces locally resembling pseudomatrix. Also present as detrital fragments. 
  Zircon (1%), subhedral grain. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays some chert and lithic volcanic.  
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape. The quartz overgrowth is in process 
of dissolution. In sectors Illiite-smectite? “patchy” rims plus chlorite surround quartz grains. 
  Cb-R, less percentage compared with detrital ones. Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement late clays (Illite-smectite? and chlorite) alteration 
 
Porosity types intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate detrital). 
 
Comments  















 Average detrital grain size, 0.1 mm range 0.04-0.4 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.67); angular grains to subrounded  
Grain sorting, poorly sorted.  So = 2.4 
Grain orientation, very crude elongated grains oriented.  
 Nature of contacts, mostly long and point contacts together to minor long and concave convex plus some floating  
 grains.  Estimated contact index (CI) = 2 
 Textural maturity immature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), angular to subangular (minor subrounded) grains about 0.3 mm average size. Some 
grains are fractured and some show concoidal fracture. Other fractured are filled by clays. 
 Quartz Polycrystalline (Qp), subrounded some in process of dissagregation with alteration (very minor). 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common, oolitic variety appears occasionally. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage plain 
is present 
Plagioclase (P), (0.1-0.25mm) angular to subrounded fragments (subhedral broken crystals), unaltered to weakly 
altered by clays. 
 Lithics (Lt), mostly mud clasts (MC) with corroded borders and or altered by clays; volcanic fragments usually 
including plagioclase microlites are altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) as “aggregates” or accumulations of small grains and as individual subhedral broken 
rombohedral fragments. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bended, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite is present surrounding grains and is product of replacement of micas (biotite, and locally filling open 
spaces.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, about 0.085 mm. occurs 
surrounded by feldspars and in sectors cemented by carbonate (calcite).  
  Cb-R, less percentage compared with detrital ones. Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement late clays (Illite-smectite? and chlorite) alteration 
 
Porosity types Intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate detrital). 
Comments  



















 Average detrital grain size, 0.15 mm range 0.02-0.3 mm  
 Grain sphericity and roundness, low sphericity (Sp=0.77); coarse fraction subrounded to subangular, fine portion is 
angular to subangular.  
Grain sorting, poorly sorted.  So = 2.3 
Grain orientation, very crude alignment of subangular grains.  
 Nature of contacts, mostly point to long contacts.  Estimated contact index (CI) = 2 
 Textural maturity immature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz (0.02-0.30 mm, average 0.2 mm) occurs as three types, dominantly angular to subangular (minor 
subrounded) grains   
Monocrystalline (Qm), angular to subangular (minor subrounded). Some grains are fractured and some 
show concoidal fracture with clays filling fractures.  
Quartz Polycrystalline (Qp), minor 
Chert (Ch), rounded to subrounded grains usually altering to clays “fine grain and medium grain” varieties are 
common, oolitic variety appears occasionally.  Some display a “box work texture” 
K-feldspar (K), (0.04-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains are visible. 
Plagioclase (P), (0.1-0.25mm) angular to subrounded fragments (subhedral broken crystals), unaltered to weakly 
altered by clays. 
 Lithics (Lt), mostly mud clasts (MC), probably more than 3 types with differences in elongation, some rounded, 
they variety in color from dark lo light brown some include other fragments in it. Altered by clays; volcanic 
fragments usually including plagioclase microlites are altered by clays, minor metamorphic grains. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bent, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bent. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite is present surrounding grains and is product of replacement of micas (biotite).  
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
   Pyrite, possible is present on surface of cherty grains. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape. 
  Cb-c, carbonate is the main cement 
  Clays, late clays (Illite-smectite? and chlorite) alteration 
 
Porosity types, intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate 
cement?) are present. 
Comments  





















 Average detrital grain size, 0.18 mm range 0.02-0.3 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.69); subangular to angular grains   
Grain sorting, Poorly sorted.  So = 2.4 
Grain orientation, Very crude laminations.  
 Nature of contacts, Mostly pint contacts together to minor long contacts, some floating grains.  Estimated contact index 
(CI) = 2 
 Textural maturity submature to immature. 
Detrital Framework Grains 
Main components 
  Quartz (00.2-0.4) Occurs as three types, dominantly angular to subangular (minor subrounded) grains  
         Monocrystalline (Qm), Angular to subangular (minor subrounded) grains. Some grains are fractured and   
         some show concoidal fracture.  
        Quartz Polycrystalline (Qp), very minor. 
        Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays 
K-feldspar (K), (0.03-0.3 mm average 0.18 mm) subangular to subrounded fragments.  Some show fracturing. 
Plagioclase (P), subangular to subrounded fragments (subhedral broken crystals), weakly altered by clays. 
 Lithics Lt), (0.1-0.2 mm avg 0.2) mostly mud clasts (MC), probably up to three types showing textural differences 
and color; (lvery light brown to dark brown), one variety include very small fragments of Qz?  Others are lithic 
metamorphic showing gneissic texture displayed by clays that replaces along this layers.   
Carbonate detrital (Cb-D)  (00.4-0.15 mm avg 0.1 mm).  Subangular forms of grains some fractured. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bended, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorites is present surrounding grains and is product of replacement of micas, locally are filling open 
spaces.  
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix Subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix Biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape. 
  Cb-R, Elongate grains (avg 0.2 mm) in less percentage compared with detrital ones. Possibly replacing feldspars 
considering the shape of grains. 
  Cb-c, carbonate cement and late clays (Illite-smectite? and chlorite) alteration 
 


























 Average detrital grain size, 0.16 mm range 0.02-0.4 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.73); Subangular grains to subrounded  
Grain sorting, poorly sorted.  So = 2.3 
Grain orientation,  elongated grains aligned showing thin laminations by difference in grain size.  
 Nature of contacts, Mostly point contacts together to long contacts, and rare sutured and concave convex.  Estimated 
contact index (CI) = 2 
 Textural maturity submature. 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), (0.02-0.3 mm avg 0.14 mm), subangular to subrounded grains, less fractured 
compared to the previous samples  about 0.3 mm average size. Some grains are fractured and some show 
concoidal fracture. Other fractured are filled by clays. 
        Quartz Polycrystalline (Qp), very minor, (0.01-0.3 mm avg 0.12 mm) subrounded grains.  
        Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common, oolitic variety appears occasionally. Subrounded to subangular forms. 
K-feldspar (K), (0.06-0.3 mm average 0.15 mm) subangular fragments, rare subrounded. 
Plagioclase (P), (0.08-0.38mm, avg. 0.18 mm) angular to subangular fragments, weakly altered by clays and 
some are dissolved. 
 Lithics (Lt), mostly mud clasts (MC, 0.1-0.4 mm avg 0.2 mm) with corroded borders and usually altered to clays, 
some in process of dissolution.  Subrounded to subangular equidimentional to elongate forms. Volcanic fragments 
usually including plagioclase microlites are altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D), average 0.18 mm subangular fragments weakly dissolved. 
Minor components 
Biotite (Bio), avg 0,20 mm more bent that muscovite and relatively more altered to clays. 
  Muscovite (Mus), avg 0.1 mm elongate flakes some altered to chlorite. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix, biotite grains are “smashed” and altered to clays 
Cements  
Clays, occurs surrounding detrital grains. 
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape.   
  Cb-R, Minor tabular grains 0,2 mm average size 
  Cb-c, carbonate cement is also present. 
 
Porosity types dissolution of mud clasts and cement??, fracture, intergranular and Intragranular. 
Comments  






















 Average detrital grain size, 0.16 mm range 0.01-0.4 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.75); subangular to subrounded grains, minor angular.  
Grain sorting, poorly sorted.  So = 2.4 
Grain orientation, very crude elongated grains oriented.  
 Nature of contacts, mostly point and long contacts.  Estimated contact index (CI) = 2 
 Textural maturity immature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), (0.02-0.30 mm avg 0.18 mm) angular to subrounded grains about 0.3 mm average 
size. Strained and fractured. 
 Quartz Polycrystalline (Qp), subrounded 0.2 mm average size. 
 Chert (Ch), (average 10.18 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common. 
K-feldspar (K), (0.02-0.25 mm average 0.15 mm) subangular dissolved fragments  
Plagioclase (P), (0.1-0.3mm avg 0.2 mm) in process of alteration to clays.  
Lithics (Lt), mostly mud clasts (MC) with corroded borders and or altered by clays, include different varieties 
differentiable by its color, shape (elongate, equant), and textural features (smooth surface or inclusions, etc). In 
addition, volcanic fragments are abundant and altered to clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) (0.1 mm average, elongate and equant broken rombohedral fragments. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bent, some partially replaced by clays. 
  Muscovite (Mus), very small elongate d grains 0.1 mm avg, early bent. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite is present surrounding grains and is product of replacement of micas (biotite, and locally filling open 
spaces.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
   Zircon is accessory  
Matrix Clays, quartz?, plagioclase K-feldspar, and chert grains (all < 30 microns) 
Pseudomatrix biotite grains and mud clasts are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, with serrate overgrowth and diffuse 
tangential, occurs surrounded by feldspars and in sectors cemented by carbonate (calcite).  
  Cb-R, less percentage compared with detrital ones. Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement plus late clays (Illite-smectite? and chlorite). 























 Average detrital grain size, 0.1 mm range 0.01-0.4 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.73); subangular to subrounded grains with low sphericity  
Grain sorting, poorly sorted.  So = 2.6 
Grain orientation, no clear orientation.  
 Nature of contacts, long and point contacts.  Estimated contact index (CI) = 2 
 Textural maturity immature  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), angular to subangular (minor subrounded) fractured grains.  
Quartz Polycrystalline (Qp), minor. 
 Chert (Ch), (average 0.2 mm) subrounded to subangular grains 0,15 mm-average grain size. 
K-feldspar (K), subangular fragments. 
Plagioclase (P), subangular to subrounded fragments (subhedral broken crystals),  
Lithics (Lt), mostly mud clasts (MC) with corroded borders and or altered by clays. Volcanic grains partially altered 
to clays average 0.20 mm.  Metamorphic lithics with gneissic texture replaced completely by clays. 
Carbonate detrital (Cb-D) (0.05-0.25mm avg 0.08 mm) subangular fragments. 
Minor components 
Biotite (Bio), altered and weakly bent. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorites is present surrounding grains and is product of replacement of micas, and locally are filling open 
spaces.  
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
   Zircon is accessory.  
Matrix fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, less percentage compared with detrital ones. Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate surrounds quartz and plagioclase grains. 
 
Porosity types intergranular, dissolution of grains (mainly feldspars and chert, but also some carbonate detrital), and 
possible dissolution of cements. 
 
Comments  
























 Average detrital grain size, 0.18 mm range 0.02-0.34 mm 
Grain sphericity and roundness, Low sphericity (Sp=0.75) subangular to subrounded grains  
Grain sorting, moderately sorted.  So = 1.4 - 2 
Grain orientation, very crude elongated grains oriented.  
 Nature of contacts, mostly long and concave-convex contacts. Estimated contact index (CI) = 4 
 Textural maturity mature 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), avg 0.20 mm, subangular (minor angular) grains showing concave-convex contacts 
with plagioclase with late infill by chlorite.  
Quartz Polycrystalline (Qp), minor 
 Chert (Ch), (0.1-0.25 average 0.2 mm) subrounded grains usually altering to clays  
 K-feldspar (K), (0.05-0.2 avg 0.1 mm) subangular fragments without intense alteration. 
Plagioclase (P), (0.05-0.25mm avg 0.25) subhedral broken crystals), weakly altered to clays. 
 Lithics (Lt), (MC) in different varieties and forms some very “smashed”, resembling stylolites. Volcanic lithics avg 
0.2 including plagioclase microlites. Volcanic clasts are usually altered to clays. Minor metamorphic grains are 
present. 
Carbonate detrital (Cb-D) small grains and individual subhedral broken rombohedral fragments. 
Minor components 
Biotite (Bio), altered elongated bent flakes, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics. Other? variety occurs as pseudomatrix occluding pores, Possible recrystallization of infiltrated 
clays. Also alters mud clasts.   
Chlorite, is present filling open spaces.  
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth,  
  Cb-R clearly replacing plagioclases is visible. 
  Cb-c, carbonate is the main cement late clays (Illite-smectite? and chlorite) alteration 
 
























WELL NUMBER:  1-USA AMOCO 017N-095W-18 NE SW NE         OPERATOR: AMOCO PROD.            DEPTH; 10,736 ft 
 
Textures 
 Average detrital grain size, 0.2 mm range 0.02-0.5 mm  
Grain sphericity and roundness, low sphericity (Sp=0.75); subangular to subrounded grains 
Grain sorting, moderately to well sorted. So = 1.2 
Grain orientation, very crude.  
 Nature of contacts, mostly long and concave-convex contacts.  Estimated contact index (CI) = 3 
 Textural maturity mature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subrounded to subangular about 0.2 mm average size.  
Quartz Polycrystalline (Qp), subrounded grains . 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays  
 K-feldspar (K), (average 0.15 mm) are subangular fragments without dissolution. 
Plagioclase (P), (0.1-0.25mm) subhedral broken crystals, unaltered to weakly altered by clays. 
 Lithics (Lt), mostly mud clasts (MC) undeformed, volcanic fragments usually including plagioclase microlites. 
minor metamorphic grains with gneissic texture. 
Carbonate detrital (Cb-D) small grains and individual subhedral broken rombohedral fragments. 
Minor components 
Biotite (Bio), altered elongated flakes, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite. 
Clays, usually Illite-smectite? occurs filling open spaces and replacing chert grains and feldspars. Other? variety 
occurs as pseudomatrix occluding pores, Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite, filling open spaces after carbonate cement.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, about 0.085 mm. occurs 
surrounded by feldspars and in sectors cemented by carbonate (calcite). 
  Cb-R, replacing feldspars 
  Cb-c, carbonate is the main cement late clays (Illite-smectite? and chlorite) alteration 
 
Porosity types intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate detrital). 
Comments  
  Clays are mainly illite-smectite? and chlorite. The following sequence of cement precipitation is observed: quartz 



























 Average detrital grain size, two sizes are visible (bimodal) a finer fraction average 0.1 range 0,08 to rare 0.4 well 
sorted. The second fraction average 0.1 range 0.15-0.20 very well sorted 4 and the fine 0.2 mm range 0.02-0.4 mm 
(upper fine grain size) 
Grain sphericity and roundness, sphericity (Sp=0.77) 
Grain sorting, well to very well sorted sorted.  So = 2.4 
Grain orientation, clear orientation of grains.   
 Nature of contacts, mostly long and concave-convex contacts, some sutured. Estimated overall contact index (CI) = 3 
 Textural maturity mature 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subrounded grains. 
 Quartz Polycrystalline (Qp), very minor. 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain and 
coarse” varieties are common, oolitic variety appears occasionally. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains are visible. 
Plagioclase (P), (0.1-0.25mm) angular to subrounded fragments (subhedral broken crystals), unaltered to weakly 
altered by clays. 
 Lithics (Lt), mud clasts (MC) and volcanic grains altered to clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) small grains and as individual subhedral broken rombohedral fragments. 
Minor components 
Biotite (Bio), altered elongated flakes locally bent. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bent. 
Clays, usually Illite-smectite? occurs filling open spaces and replacing chert grains and feldspars. Other? variety 
occurs as pseudomatrix occluding pores, Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite, abundant is present, filling open spaces.  
   OM, filling intergranular pore spaces in elongate forms resembling stilolitization. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, about 0.085 mm. occurs 
surrounded by feldspars and in sectors cemented by carbonate (calcite).  
  Cb-R, replacing feldspars is visible. 
  Cb-c, carbonate is the main cement plus late clays (Illite-smectite? and chlorite) filling open spaces. 
 
Porosity types microporosity is inferred to be present. 
Comments  
























 Average detrital grain size, 0.18 mm range 0.02-0.4 mm  
Grain sphericity and roundness, (Sp=0.75) subrounded to subangular grains. 
Grain sorting, well sorted So = 1.3 
Grain orientation, is crude.  
 Nature of contacts, mostly concave convex, sutured and long contacts. Estimated contact index CI = 3-4 
 Textural maturity mature fine grain sandstone. 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subrounded to subangular grains, very minor fractured and rare angular fragments. 
Quartz Polycrystalline (Qp), minor. 
 Chert (Ch), subrounded grains usually altering to clays “fine grain, medium and coarse grain” varieties. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains. 
Plagioclase (P), usually altered to clays,  
Lithics (Lt), mud clasts (MC) altered by clays; volcanic fragments usually including plagioclase microlites are also 
altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) small grains and individual subhedral broken rombohedral fragments. 
Minor components 
Biotite (Bio), elongated flakes locally bent, some partially replaced by clays. 
  Muscovite (Mus), very small grains more altered than biotites. 
Clays, usually Illite-smectite? And chlorite.  
Chlorite, is present surrounding grains and filling open spaces.  
   OM, filling intergranular pore spaces. 
   Zircon and tourmaline? are very minor. 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays. 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth,  
  Cb-R replacing feldspars grains. 
  Cb-c, carbonate cement is present, later cemented by clays (Illite-smectite? and chlorite). 
 
Porosity types Dissolution of grains and possible cements is present. 
Comments  




























 Average detrital grain size, 0.16 mm range 0.02-0.34 mm  
Grain sphericity and roundness (Sp=0.77); subangular to subrounded grains 
Grain sorting, moderately to well  So = 1.4 
Grain orientation, no clear.  
 Nature of contacts, concave-convex and sutured contacts.  Estimated contact index (CI) = 3-4 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.25 mm 
average size  
Monocrystalline (Qm), subrounded to subangular grains, some of them show myrmekitic texture.  
Quartz Polycrystalline (Qp), very minor. 
 Chert (Ch), “coarse grain” varieties is dominant. 
 K-feldspar (K), subangular fragments. 
Plagioclase (P), subhedral broken grains altered to clays. In different degree. 
 Lithics (Lt), mud clasts (MC) of different varieties changing in color and texture features; volcanic fragments 
usually altered to clays, and minor metamorphic grains. 
Carbonate detrital (Cb-D) small subhedral broken rombohedral fragments. 
Minor components 
Biotite (Bio), altered to clays. 
  Muscovite (Mus) more altered than biotite. 
Clays, usually Illite-smectite? And chlorite. 
Chlorite, is present surrounding grains and filling open spaces.  
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix Subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix Biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, replacing feldspars grains. 
  Cb-c, carbonate and late clays are the main cement 
 
































 Average detrital grain size, 0.18 mm range 0.02-0.5 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.75); subangular to subrounded grains. 
Grain sorting, moderate to well sorted So = 2.4 
Grain orientation, no clear.  
 Nature of contacts, long concave –convex and sutured contacts. Estimated contact index (CI) = 3-4 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.22 mm 
average size. 
Monocrystalline (Qm), subrounded grains. 
Quartz Polycrystalline (Qp), subrounded, minor. 
 Chert (Ch), subrounded grains usually altering to clays, they occur as the three defined types “fine, medium 
and coarse grain”.  
 K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains are visible. 
Plagioclase (P), subrounded fragments (subhedral broken crystals) altered to clays, with complete replacement of 
thin bands of twining. 
 Lithics (Lt), mud clasts (MC) of different varieties differentiable by its color and textural features. 
Carbonate detrital (Cb-D) small subhedral broken fragments. 
Minor components 
Biotite (Bio), weakly altered elongated flakes, partially replaced by clays. 
  Muscovite (Mus), very small grains and more altered compared to biotite. 
  Clays, usually Illite-smectite? replacing and cementing grains is visible.   
Chlorite is present surrounding grains and filling open spaces.  
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix Subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix Biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. In sectors, Ill-smectite? occurs as “patchy” rims, plus late 
chlorite surround quartz grains are visible. 
  Cb-R, replacing feldspars considering the shape of grains is inferred. 
  Cb-c, carbonate is the main cement plus late clays (Illite-smectite? and chlorite). 






























 Average detrital grain size, 0.18 mm range 0.02-0.38 mm  
Grain sphericity and roundness, (Sp=0.73); subangular to angular grains.  
Grain sorting, moderately sorted.  So = 2.0 
Grain orientation, crude orientation defined by alignment of elongated grains.  
 Nature of contacts, long, concave-convex and minor sutured contacts are present. Estimated contact index (CI) = 3-4 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subangular to angular grains about 0.3 mm average size. Some grains show 
undulate extinction.  
Quartz Polycrystalline (Qp), minor subrounded grains. 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain, medium and coarse 
grain” varieties are common and often altered to clays. 
K-feldspar (K), (0.02-0.2 mm average 0.18 mm) subangular fragments.  
Plagioclase (P), (0.01-0.25mm) angular fragments altered to clays. 
 Lithics (Lt), mud clasts (MC) altered by clays; volcanic fragments usually including plagioclase microlites are 
altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) subhedral broken fragments. 
Minor components 
Biotite (Bio), altered elongated flakes locally bent, some replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also bent. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, and volcanic 
lithics. Other? variety occurs as pseudomatrix occluding pores. Possible recrystallization of infiltrated clays.  
Chlorite, is present surrounding grains and filling open spaces.  
   OM, filling intergranular pore spaces, late infill?. 
Matrix, feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix biotite grains are “smashed” and altered to clays and some mud clasts. 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, occurs surrounded by feldspars. In 
sectors Ill-smectite? “patchy” rims plus late chlorite surround quartz grains. 
  Cb-R clearly replacing feldspars grains. 
  Cb-c, carbonate is the main cement 
                Clays are dominantly late (Illite-smectite? and chlorite) 
 



























 Average detrital grain size, 0.2 mm range 0.02-0.4 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.67); subrounded to subangular grains.  
Grain sorting, well to very well sorted.  So = 1.2 
Grain orientation, no clear.  
 Nature of contacts, Mostly long and concave convex contacts and less sutured. Measure contact index (CI) = 2.7 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subrounded to subangular grains with low sphericity. Very clean quartz grains with 
minor inclusions (igneous quartz). 
Quartz Polycrystalline (Qp), subrounded (0.01 – 0.2 mm). 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common, oolitic variety appears occasionally. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains. 
Plagioclase (P), (0.1-0.3 avg 0.2 mm) subhedral broken crystals) with different degree of alteration along twinning 
. Anorthoclase, oligiclase and microcline, which are altered to clays, were identified.  
Lithics (Lt), mud clasts (MC); volcanic fragments usually are altered to clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) small broken fragments 0.1 mm in average, 
Minor components 
Biotite (Bio), minor 
  Muscovite (Mus), rare 
Clays, usually Illite-smectite? occur filling open spaces and replacing detrital grains. Possible recrystallization of 
infiltrated clays.   
Chlorite, is present filling open spaces.  
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
   Pyrite is present on mud clasts. 
Matrix carbonates, quartz and dominantly clays (all < 30 microns) 
Pseudomatrix mud clast “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, surrounded by carbonate cement. In sectors Ill-smectite? 
“patchy” rims plus late chlorite surround quartz grains. 
  Cb-R, (avg, 0.1 mm), possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement surrounding quartz, feldspars and some mud clasts. 
  Ab-c- albite cement is minor.  
Porosity types dissolution of grains and probably cements. 
Comments  
























 Average detrital grain size, 0.2 mm range 0.02-0.5 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.81); subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, no clear. 
 Nature of contacts, mostly long and concave convex contacts les proportion sutured. Calculated CI = 2.8 
 Textural maturity mature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz Occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), (0.02-0.4 avg 0.18 mm) monocrystalline quartz, some with oriented inclusions, 
subangular to subrounded usually with overgrowths. 
Quartz Polycrystalline (Qp), usually with , 3 units minor with >3 units avg size 0.15 mm subrounded grains. 
 Chert (Ch), (average 0.2 mm) subrounded grains, “very fine” variety usually altered to clays and partially 
dissolved, minor oolitic chert. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) are present as subangular fragments usually in process of 
dissolution.  
Plagioclase (P), distinctly altered by its twinning, subangular fragments avg 0.20 mm range 0.1 – 0.30 mm. Some 
are albitized. 
Lithics (Lt), mud clasts (MC) are up to four types (clean with smooth surface, elongate to equant, “very fine” with 
sparse inclusion of quartz? Grains, “fine grain aspect” subequant, and dark brown subequant and elongate.  
Subrounded volcanic fragments usually altered to clays, other includes fresh microlites of plagioclase. Minor 
metamorphic grains are present usually altered to clays. 
Carbonate detrital (Cb-D) (o.1-0.3 mm avg. 0.16 mm) small broken fragments, subangular to angular, some of 
them probably corroded. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bended, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bent. 
Clays, usually Illite-smectite? occur filling open spaces.   
Chlorite, is present replacing some ferromagnesian minerals? and possible glauconite?, and locally occurs 
filling open spaces.  
   OM, filling intergranular pore. 
   Zircon is accessory 
   Pyrite crystals on mud clast 
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clast are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, in sectors cemented by carbonate 
(ferroan calcite). 
  Cb-R, Minor elongate grains, possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement and possible replaces quartz considering and hexagonal form of grains.  






















 Average detrital grain size, 0.2mm range 0.02-0.m  
Grain sphericity and roundness, Low sphericity (Sp=0.81 subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, very crude alignment of grains. 
 Nature of contacts, long concave and sutured, measured contact index (CI) = 2.5 
 Textural maturity Immature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), (avg 0.20 mm) , dominant not aligned subequant grains; subrounded to subangular 
grains some grains with inclusions. 
 Quartz Polycrystalline (Qp), subrounded grains <3 units with alteration thorough the junctures. 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common, oolitic variety appears occasionally. 
K-feldspar (K), elongate tabular grains avg 0.15 mm, in process of dissolution 
Plagioclase (P), (avg 0.25mm) with different degree of alteration to clays, with dissolution and non dissolution of 
grains; some of them albitized showing “chessboard texture” 
Lithics (Lt), mostly mud clasts (MC) five types are recognized: 1) very fine dark brown, 2) dark to blackish with 
inclusions of grains (,0.01 mm), 3) same as 2, but without inclusions, 4) very ”fine aspect” brownish to beige in 
color, and 5) “fine aspect” with skeletal residue of chert veinlets. Volcanic fragments usually including plagioclase 
microlites are altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) (0.01-0.20mm avg 0.12mm) subangular to angular grains.. 
Minor components 
Biotite (Bio), minor. 
  Muscovite (Mus), very minor 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as product of recrystallization? of 
infiltrated? clays.  
Chlorite, is present replacing glauconite pellets and occurring filling open spaces as a late product.  
   OM, filling intergranular pore spaces locally resembling pseudomatrix. 
   Zircon is accessory.  
Matrix subangular fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clast are partially “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape, about 0.085 mm. occurs 
surrounded by feldspars and in sectors cemented by carbonate (calcite). The quartz overgrowth is in process of 
dissolution. In sectors Illite-smectite? “patchy” rims plus late chlorite surround quartz grains. 
  Cb-R, clear replacement of plagioclases 
  Cb-c, carbonate is the main cement late clays (Illite-smectite? and chlorite) alteration 
 
Porosity types dissolution of grains (mud clasts, feldspars and probably cements). 
Comments  




















 Average detrital grain size, 0.18 mm range 0.02-0.3 mm (upper fine grain size) 
Grain sphericity and roundness, Low sphericity (Sp=0.67); subrounded to subangular grains  
Grain sorting, well sorted to very well sorted.  So = 1.2 
Grain orientation, crudely oriented elongated grains.  
 Nature of contacts, long, concave-convex and sutured contacts calculated contact index (CI) = 2.5 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.2 mm average  
  size  
Monocrystalline (Qm), subrounded to subangular grains avg 0.16 mm. All have overgrowth and are strained 
with serrate contacts. 
Quartz Polycrystalline (Qp), avg 0.25 mm, subrounded, possible in process of dissagregation with clay 
alteration or precipitation thorough the junctures. 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “coarse grain and medium grain” 
varieties are common,  
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains are present . 
Plagioclase (P), (0.1-0.25mm) angular to subrounded fragments (subhedral broken crystals), unaltered to weakly 
altered by clays. 
 Lithics (Lt), mostly mud clasts (MC) with corroded borders and or altered by clays; volcanic fragments usually 
including plagioclase microlites are altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) As “aggregates” or accumulations of small grains and as individual subhedral broken 
rombohedral fragments. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bended, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorite is present surrounding grains and is product of replacement of micas, locally filling open spaces.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of carbonates quartz feldspars and dominantly clays (all < 30 microns) 
Pseudomatrix Mud clasts are “smashed” and altered to clays. 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, in sectors cemented by carbonate (calcite). The quartz 
overgrowth is in process of dissolution. In sectors Ill-smectite? “patchy” rims plus late chlorite surround quartz 
grains. 
  Cb-R, occurs as clear replacement of plagioclases. 
  Cb-c, carbonate is cementing feldspar, mud clasts and quartz. 
  Ab-c, possible is present.  





















 Average detrital grain size, 0.15 mm range 0.04-0.5 mm  
Grain sphericity and roundness, low sphericity (Sp=0.75); subrounded to subangular  
Grain sorting, well sorted.  So = 1.3 
Grain orientation, show crude orientation of grains with lamina <0.1 mm.  
 Nature of contacts, dominantly long contacts with less concave-convex and sutured contacts. Measured contact index 
(CI) =3.1 
        Textural maturity mature to moderately mature sandstone 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular. 
Monocrystalline (Qm), Angular to subangular (minor subrounded) grains about 0.18 mm average size, with  
undulate extinction, some weakly fractured, and some with clay coatings.  In sectors they show suture 
contacts.   
Quartz Polycrystalline (Qp), usually subrounded grains and with clay coatings. 
Chert (Ch), subrounded grains, some changing to pseudomatrix.  The three defined varieties are present 
(“very fine, medium and coarse”; the last show elongate patterns with “malta cross extinction”.  
K-feldspar (K), subrounded to subangular fragments with different degree of alteration some very weakly altered 
with specks of clays. 
Plagioclase (P), occurs as subangular to subrounded grains usually with polysynthetic twining, with very weak 
alteration. Lithics (Lt), mud clasts (MC) are subrounded grains, altering to clays, and some changing to 
pseudomatrix.  
Carbonate detrital (Cb-D) subrounded to subangular fragments of detrital carbonate. 
Minor components 
Biotite (Bio), altered elongated flakes locally bet, some partially replaced by clays. 
  Muscovite (Mus), minor when compared to biotite, altered by its cleavage some “smashed”, some altered to   
                 Chlorite. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture. Other? variety occurs as pseudomatrix occluding pores, 
Possible recrystallization of infiltrated clays. Also alters mud clasts.   
Chlorites are present surrounding grains and is product of replacement of micas, locally are filling open 
spaces.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, as detrital grains some changing to pseudomatrix. 
    Pyrite, small cubes on mud clasts. 
Matrix fragments of feldspars carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix some chert, mud clasts and organic matter are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, formed before clays and before carbonate cement. 
  Cb-R, Possibly replacing feldspars considering the shape of grains.  
  Cb-c, carbonate cement is present. 
 
Porosity types Dissolution of grains, intergranular microporosity. 
Comments  




















 Average detrital grain size, 0.15 mm range 0.02-0.4 mm 
Grain sphericity and roundness, Low sphericity (Sp=0.77); subangular to subrounded grains, dominantly tabular 
minor equant grains. 
Grain sorting, very well sorted.  So = 1.15 
Grain orientation, show lamination by alignment of mud clast, organic matter and other detrital grains.  
 Nature of contacts, long, concave-convex and sutured contacts. Measure contact index (CI )= 2.2 
 Textural maturity mature sandstone 
Detrital Framework Grains 
Main components 
  Quartz Occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.18 mm   
                 average size.  
Monocrystalline (Qm), subrounded to subangular grains, some strained grains. 
 Quartz Polycrystalline (Qp), avg 0.2 mm subrounded grains with precipitation? of clays at its junctures of 
the polycrystalline grains. 
Chert (Ch), avg 0.18 mm occurs as “fine and coarse” aspect varieties. 
K-feldspar (K), tabular grains avg 0.15 mm usually altered to clays. 
Plagioclase (P), subangular grains avg 0.2 mm. 
Lithics (Lt), mud clasts (MC) different varieties are present differentiated by its textural aspect, form and color 
change.  
Carbonate detrital (Cb-D) avg 0.12 mm subangular grains others as “aggregates” avg 0.18 mm.  
Minor components 
Biotite (Bio), elongated deformed flakes, some partially replaced by chlorite. 
  Muscovite (Mus), is minor. 
Clays, usually Illite-smectite? occur filling open spaces and replacing feldspars, chert and mud clasts.  
Chlorite, is present replacing biotites and possible glauconite?.  Some chlorites are bluish (mg rich?) 
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix fragments quartz, carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix Biotite grains are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, Possibly replacing feldspars, considering the shape of grains. 
  Cb-c, carbonate is the main cement  
  Clays are probably mostly late (Illite-smectite? and chlorite) or after quartz and carbonate cement. 
 





























 Average detrital grain size, 0.2 mm range 0.03-0.38 mm 
Grain sphericity and roundness, Low sphericity (Sp=0.79); subrounded to subangular grains 
Grain sorting, well to very well sorted.  So = 1.2 
Grain orientation, no clear  
 Nature of contacts, concave convex, sutured and long contacts. Measured contact index (CI) = 2.2 
 Textural maturity  mature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly subrounded grains.  
Monocrystalline (Qm), avg 0.2 mm subrounded grains. 
Quartz Polycrystalline (Qp), subrounded grains with triangular junctures contain more than 3 units.  
Chert (Ch), (average 0.2 mm) subrounded grains “fine grain coarse grain” aspect and oolitic chert are 
present. 
K-feldspar (K), subangular fragments. 
Plagioclase (P), subangular fragments with different degree of alteration by clays. 
Lithics (Lt), mud clasts (MC) of different types, some with microporosity at its borders. 
Carbonate detrital (Cb-D) subangular and elongated grains. 
Minor components 
Biotite (Bio), weakly altered elongated flakes locally bended, some partially replaced by clays. 
  Muscovite (Mus), very small grains compared to biotite, also weakly bended. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains. Feldspars and mud clasts. 
Chlorite is present surrounding grains and filling open spaces.  
   OM, locally resembling pseudomatrix. 
Matrix fragments of carbonates and dominantly clays (all < 30 microns). 
Pseudomatrix chert, mud clasts “smashed” and altered to clays. 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement surrounds feldspars, quartz and lithics.  This cement locally is lately dissolved. 
  Cl-c, clay cements together to carbonate are the main cement. 
 
Porosity types dissolution of grains, microporosity and cement dissolution (quartz and carbonate). 
 
Comments  





























 Average detrital grain size, 0.18 mm range 0.02-0.38 mm 
Grain sphericity and roundness, Low sphericity (Sp=0.77); subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, No clear.  
 Nature of contacts, Mostly long and point contacts together to minor long and concave convex plus some floating  
 grains.  Estimated contact index (CI) = 2-3 
 Textural maturity Immature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly subrounded grains.  
Monocrystalline (QM ), subangular grains (0.1-0.2 mm), some with clay coatings, others with undulate 
extinction. Some show fracturing.  
Quartz Polycrystalline (Qp), minor. 
 Chert (Ch), subrounded grains usually altering to clays. A second generation form veinlets in mud clast, 
which after dissolution of mud clasts still are the remnant undissolved. 
K-feldspar (K), subangular fragments. 
Plagioclase (P), subangular fragments, altering to clays. 
 Lithics (Lt), mud clasts (MC) of different varieties according to change in color and textural aspect; volcanic 
fragments usually including plagioclase microlites are altered by clays, other grains possible include other grains 
clast of clasts).  
Carbonate detrital (Cb-D) small broken fragments. 
Minor components 
Biotite (Bio), elongated flakes locally bent, some replaced by clays. 
  Muscovite (Mus), very minor. 
Clays, usually Illite-smectite? occur filling open spaces and replacing detrital grains.  
Chlorite is present surrounding grains and filling open spaces.  
   Kaolinite, fill open spaces and occurs mostly near the border of grains. 
   OM, locally resemble pseudomatrix. 
   Rutile on quartz grain surface is present as accessory mineral,  
Matrix fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts, chert “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, showing angular shape.  
  Cb-R, Possibly replacing feldspars considering the shape of grains. 
  Cb-c, carbonate is the main cement together to late clays (Illite-smectite? and chlorite). 
 



























 Average detrital grain size, 0.18 mm range 0.02-0.46 mm 
Grain sphericity and roundness, low sphericity (Sp=0.32); subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, crudely oriented.  
 Nature of contacts, dominantly concave convex and suture contacts. Estimated contact index (CI) = 2-3 
 Textural maturity mature fine grain sandstone 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly subangular to subrounded grains.  
Monocrystalline (Qm), subangular to subrounded) grains with clay coatings and ondulose extinction. Some 
grains are fractured. 
 Quartz Polycrystalline (Qp), subrounded grains some in process of dissagregation with alteration thorough  
         the junctures. 
 Chert (Ch), subrounded grains usually altering to clays “fine grain and coarse grain” varieties are common, 
oolitic variety appears occasionally. 
K-feldspar (K), occurs as subangular fragments with dissolution along cleavage plains. 
Plagioclase (P), subangular to fragments altered in different degree to clays. 
 Lithics (Lt), mud clasts (MC) of different varieties, differentiable by its aspect and change in color.  
Carbonate detrital (Cb-D) accumulations of small grains and as individual broken fragments. 
Minor components 
Biotite (Bio), minor  
  Muscovite (Mus), very minor. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following banding of gneissic texture.   
Chlorite is present surrounding grains and locally filling open spaces.  
   Kaolinite, filling open spaces, mostly near the border of grains. 
   OM, locally resembling pseudomatrix. 
Matrix fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts are “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth, later cemented by carbonate. 
  Cb-R, replacing feldspars. 
  Cb-c, carbonate and clay are the main cement. 
 





























 Average detrital grain size, 0.24 mm range 0.02-0.36 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.79); subrounded to subangular grains. 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, crude orientation of grains. 
 Nature of contacts, mostly concave-convex and sutured minor long contacts.  Estimated contact index (CI) = 2-3 
 Textural maturity mature fine grain sandstone  
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly subrounded to subangular grains.  
Monocrystalline (Qm), subrounded to subangular grains, some fractured, others with ondulose extinction. In 
sectors with clay coating and cemented by carbonate and clays and very locally by albite. 
Quartz Polycrystalline (Qp), minor 
 Chert (Ch), subrounded grains “fine grain, coarse grain” aspect varieties are common, and oolitic variety 
appears occasionally. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) are subangular fragments, locally with intense dissolution. 
Plagioclase (P), (0.1-0.25mm) subangular fragments altered to clays 
Lithics (Lt), mud clasts (MC), often dissolved and some “smashed”, with volcanic fragments usually including 
plagioclase microlites and altered by clays, minor metamorphic grains. 
Carbonate detrital (Cb-D) small broken rombohedral fragments. 
Minor components 
Biotite (Bio), very minor. 
  Muscovite (Mus), accessory. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics following its banding of gneissic texture.  
Chlorite is present replacing micas, surrounding grains and locally filling open spaces.  
   OM, is present locally resembling pseudomatrix.  
   Fossils with elongate shape possible radiolarians.   
Matrix subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts and organic matter “smashed”  
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, excellent examples of carbonate replacing feldspars. 
  Cb-c, carbonate is the main cement  late clays (Illite-smectite? and chlorite) alteration 
  Ab-c, in elongate forms  
 




























 Average detrital grain size, 0.24 mm range 0.02-0.7 mm 
Grain sphericity and roundness, Low sphericity (Sp=0.79); subrounded to subangular grains.  
Grain sorting, well sorted.  So = 1.3 
Grain orientation, show laminations by alignments of elongated grains of feldspars, and mud clasts.  
 Nature of contacts, mostly concave convex and sutured contacts with minor long contacts.  Measured contact index 
(CI) = 2.5 
 Textural maturity mature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly subangular (minor to subrounded) grains.  
Monocrystalline (Qm), (0.02-0.58 mm avg 0.25 mm) subrounded to subangular grains, some grains are 
fractured and some show ondulose extinction. 
 Quartz Polycrystalline (Qp), avg 0.24 mm usually with more than 3 units.  
 Chert (Ch), avg 0.25 mm subrounded grains usually altering to clays “fine grain and medium grain” varieties 
are common, oolitic variety appears occasionally. 
K-feldspar (K subangular fragments with intense dissolution along cleavage plains. 
Plagioclase (P), angular to subrounded fragments (subhedral broken crystals), with different degree of alteration 
some replaced by carbonates and some albitized. 
 Lithics (Lt), mud clasts (MC) in different varieties altering to clays and dissolving, volcanic fragments and minor 
metamorphic grains. 
Carbonate detrital (Cb-D) small broken rombohedral fragments. 
Minor components 
Biotite (Bio), is minor and is replaced by clays. 
  Muscovite (Mus), very minor. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, metamorphic and 
volcanic lithics. 
Chlorite, early chlorite is present replacing micas, then deformed, others surrounding grains and locally filling 
open spaces.  
   Kaolinite, filling open mostly near the border of grains. 
   OM, locally resembling pseudomatrix and as infill. 
Matrix subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts and organic matter are “smashed”  
Cements  
Qog, monocrystalline grains with sintaxial overgrowth that possible later is dissolved. 
  Cb-R, replacing feldspars. 
  Cb-c, carbonate is the main cement late followed by clays (Illite-smectite? and chlorite) 
 


























 Average detrital grain size, 0.2 mm range 0.02-0.5 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.871; subangular to subrounded grains  
Grain sorting, well sorted.  So = 1.2 
Grain orientation, no visible orientation of grains.  
 Nature of contacts is mostly concavo-convex and sutured contacts with minor long contacts. Estimated contact index 
(CI)= 2-3 
 Textural maturity mature fine grain sandstone 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.3 mm average  
  Size  
Monocrystalline (QM), subrounded to rounded grains with clay coatings. Some partially dissolved, others are 
fractured. 
 Quartz Polycrystalline (Qp), subrounded and minor. 
 Chert (Ch), subrounded grains usually altering to clays “fine, medium and coarse grain” varieties are 
common, oolitic variety appears occasionally. 
K-feldspar (K), occurs as subangular fragments with intense dissolution along cleavage plains. 
Plagioclase (P), subhedral fragments with different degree of alteration.  
 Lithics (Lt), mostly mud clasts (MC) moderately to intensively dissolved grains, volcanic grains are usually 
intensively dissolved. 
Carbonate detrital (Cb-D) small broken rombohedral fragments. 
Minor components 
Biotite (Bio), minor elongated flakes locally bent, some replaced by clays. 
  Muscovite (Mus), very minor 
Clays, usually Illite-smectite? occur filling open spaces and replacing feldspars, mudclasts and volcanic grains.  
Chlorite, is present surrounding grains and replacing glauconite? Also a late stage is filling pores, then 
partially dissolved.  
   OM, resembling pseudomatrix. 
Matrix Subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts and organic matter are  “smashed”  
Cements  
Qog, monocrystalline grains with sintaxial overgrowth later dissolved. 
  Cb-R, are present replacing feldspars. 
  Cb-c, carbonate is the main cement; it is late dissolved. 
                 Clays are also a main type of cement (Illite-smectite? and chlorite). 
  Ab-c, are present cementing and replacing feldspars. 
 


























 Average detrital grain size, 0.2 mm range 0.04-0.4 mm (upper fine grain size) 
Grain sphericity and roundness, Low sphericity (Sp=0.77); subangular to subrounded grains. 
Grain sorting, moderately to locally well sorted.  So = 1.4 
Grain orientation, locally oriented. Sectors with no clear orientation are rich in carbonate cement with dominantly 
angular fragments.   
 Nature of contacts, Dominantly long, concave-convex and sutured contacts. Measured contact index (CI) = 2.4 
 Textural maturity  submature. 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.3 mm average  
  size  
Monocrystalline (Qm), is the dominant variety, as occurs as subrounded to rounded grains.  
 Quartz Polycrystalline (Qp), is present, but is minor. 
 Chert (Ch), subrounded grains usually altering to clays “fine” variety is common. 
K-feldspar (K), are present and usually are altering to clays (illite-smectite?). 
Plagioclase (P), as fragments altered to clays and also is present with different degree of alteration. 
Lithics (Lt), mostly mud clasts (MC) with corroded borders and or altered by clays; volcanic fragments usually are 
altered to clays. 
Carbonate detrital (Cb-D) As “aggregates” or accumulations of small grains and as individual subhedral broken 
rombohedral fragments. 
Minor components 
Biotite (Bio), is present, but is rare. 
  Muscovite (Mus), also is very rare. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars. 
Chlorite is present surrounding grains and locally filling open spaces.  
   OM, is present and resembles pseudomatrix. 
Matrix Subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts are  “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with sintaxial overgrowth show a later dissolution of the cement. 
  Cb-R, is present replacing feldspars. 
  Cb-c, carbonate is the main cement  
  Clays (Illite-smectite? and chlorite) are also a main cement. 
 

























WELL NUMBER:  POWDER Mt 014N-096W-13 NE SE NE     OPERATOR: EOG RES.                           DEPTH; 13,350.4 ft 
 
Textures 
 Average detrital grain size, 0.2 mm range 0.02-0.5 mm  
Grain sphericity and roundness, Low sphericity (Sp=0.79); subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, no clear orientation of grains. 
 Nature of contacts, concave-convex, sutured and long contacts. Measured contact index (CI) = 2.2 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.3 mm average  
  size  
Monocrystalline (Qm), subangular to subrounded, dominantly magmatic in origin, with aligned inclusions. 
Some rutile is present on its surface. 
Quartz Polycrystalline (Qp), are present containing usually with more than 3 units. Subrounded to 
rounded grains.  
Chert (Ch), subrounded grains usually altering to clays, “fine” variety is common, oolitic variety appears 
occasionally. 
K-feldspar (K), (0.02-0.2 mm average 0.1 mm) subangular fragments with intense dissolution along cleavage 
plains. 
Plagioclase (P), avg 0.4 mm subangular fragments, some replaced by albite, others by calcite.  
Lithics (Lt), mud clasts (MC) with corroded borders and with strong dissolution.  
Carbonate detrital (Cb-D) small broken fragments. 
Minor components 
Biotite (Bio), very rare. 
  Muscovite (Mus), accessory 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains and feldspars, mud clasts, and 
volcanic grains  
Chlorite, is present surrounding grains and is product of replacement of micas (biotite. And locally filling open 
spaces.  
   OM, is present resembling pseudomatrix. 
Matrix Subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts and organic matter are  “smashed” and altered to clays 
Cements  
Qog, monocrystalline grains with syntaxial overgrowth. 
  Cb-R, is present replacing feldspars. 
  Cb-c, carbonate is one of the main cement together to clays (Illite-smectite? and chlorite). 
 
Porosity types Intergranular dissolution and grain dissolution (mainly feldspars and chert, but also some carbonate detrital). 
Comments  


























 Average detrital grain size, 0.2 mm range 0.03-0.5 mm (upper fine grain size) 
Grain sphericity and roundness, Low sphericity (Sp=0.79); subangular to subrounded grains 
Grain sorting, well sorted.  So = 1.3 
Grain orientation, Very crude, defined by the alienation of organic matter and mud clasts. Measured contact index (CI) = 2.1 
 Textural maturity Immature fine grain sandstone (Lower fine grain) 
Detrital Framework Grains 
Main components 
  Quartz occurs as three types, dominantly angular to subangular (minor subrounded) grains about 0.3 mm average  
  size  
Monocrystalline (Qm), subangular to subrounded) grains, rare fractured. Some include aligned and 
unaligned inclusions. 
 Quartz Polycrystalline (Qp), avg 0.2 mm subrounded grains. 
 Chert (Ch), (average 0.2 mm) subrounded grains usually altering to clays “fine grain and medium grain” 
varieties are common. 
K-feldspar (K), are subangular fragments and have intense dissolution. 
Plagioclase (P), subangular fragments altered to clays, other grains have variable degree of dissolution. 
 Lithics (Lt), mostly mud clasts (MC) with variable degree of dissolution.  Volcanic fragments are also strongly 
dissolved.  
Carbonate detrital (Cb-D) small broken rombohedral fragments. 
Minor components 
Biotite (Bio), very are 
  Muscovite (Mus), are accessory. 
Clays, usually Illite-smectite? occur filling open spaces and replacing chert grains, volcanic grains, and feldspars.  
Chlorite is present surrounding grains and locally filling open spaces.  
   OM, Filling intergranular pore spaces locally resembling pseudomatrix. 
Matrix subangular fragments of carbonates and dominantly clays (all < 30 microns) 
Pseudomatrix mud clasts are  “smashed”  
Cements  
Qog, monocrystalline grains with sintaxial overgrowth. 
  Cb-R, is present replacing feldspars grains. 
  Cb-c, carbonate is the main cement  
  Clays (Illite-smectite? and chlorite) are also a main type of cement.  
 
Porosity types dissolution of grains (mainly feldspars, volcanic grains, chert, and mud clasts).  Some carbonate detrital are 
also dissolved together to quartz cement. 
Comments  
High dissolution porosity.  
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Appendix A3.3 Minimum, maximum and mean percent normalized values of 
detrital framework grains and textural parameters for all study samples.  
ST-61 LFA 37.6 2.2 0.7 20.2 13.5 4.5 4.9 1.1 0.5 0.0 0.6 6.90 20.00 2.20 1
ST-61 LFACh 41.9 0.6 3.8 16.1 6.7 4.5 2.9 0.5 0.0 0.0 0.0 6.70 23.00 2.20 1.5
ST-61 LFDa 47.0 1.0 7.0 20.0 17.5 3.5 1.5 0.5 1.0 0.0 1.0 7.50 27.00 3.20 1.3
1-USA LFA 43.2 2.4 5.9 10.0 14.5 2.7 2.4 1.0 0.0 0.0 0.0 7.30 13.00 2.70 1.8
1-USA LFACh 44.9 1.7 5.7 7.6 20.5 4.9 2.3 0.6 0.5 0.0 0.0 7.50 13.00 3.00 1.6
1-USA LFDa 46.7 4.2 6.6 13.2 19.2 3.6 3.0 1.2 1.2 0.0 1.2 7.70 12.00 3.70 0.9
Cepo LFA 67.3 0.5 1.1 4.4 7.6 2.2 1.0 0.0 0.0 0.0 0.5 8.10 12.00 3.20 1.8
10-Triton LFA 59.6 1.0 6.8 6.1 7.2 2.4 1.0 0.0 0.0 0.0 0.9 7.70 12.00 3.20 1.8
10-Triton LFACh 65.0 3.4 9.4 2.2 7.2 2.8 4.5 1.1 0.0 0.0 0.0 7.50 12.00 3.20 1.5
PMt 1-13E LFA 60.3 1.0 4.0 7.6 10.9 2.5 1.0 0.0 0.0 0.0 0.0 7.70 12.00 3.20 2
ST-61 LFA 42.6 5.6 4.3 25.4 15.1 5.4 10.7 2.7 1.7 0.0 1.6 7.30 27.00 3.20 1.8
ST-61 LFACh 49.7 10.2 6.2 24.3 14.9 6.5 7.0 2.2 1.1 0.0 2.3 7.50 24.00 3.70 2
ST-61 LFDa 47.0 1.0 7.0 20.0 17.5 3.5 1.5 0.5 1.0 0.0 1.0 7.50 27.00 3.20 1.3
1-USA LFA 49.4 7.3 8.8 13.9 17.7 6.8 4.8 3.5 2.9 0.0 2.1 7.50 20.00 3.70 1.9
1-USA LFACh 49.7 2.2 7.6 14.8 23.2 5.7 2.7 1.6 2.8 0.0 1.1 7.70 14.00 3.20 1.8
1-USA LFDa 46.7 4.2 6.6 13.2 19.2 3.6 3.0 1.2 1.2 0.0 1.2 7.70 12.00 3.70 0.9
Cepo LFA 73.9 5.6 4.6 9.2 15.3 5.3 1.6 0.0 0.0 0.0 2.7 8.30 13.00 3.70 2
10-Triton LFA 70.3 4.3 10.5 12.4 14.2 4.4 3.9 1.0 0.0 0.4 3.6 7.90 13.00 3.70 2.4
10-Triton LFACh 67.0 5.6 10.1 3.3 8.9 2.8 5.0 1.1 0.6 0.0 0.0 7.70 13.00 3.70 1.5
PMt 1-13E LFA 69.3 3.7 6.1 10.4 15.7 4.2 2.1 0.5 0.5 0.0 1.6 8.10 14.00 3.20 2
ST-61 LFA 39.9 3.9 3.0 23.3 14.0 4.9 7.0 1.8 1.0 0.0 1.2 7.17 24.33 2.80 1.433
ST-61 LFACh 45.7 4.9 4.6 20.0 10.9 5.4 5.4 1.0 0.7 0.0 1.3 7.10 23.50 2.95 1.65
ST-61 LFDa 47.0 1.0 7.0 20.0 17.5 3.5 1.5 0.5 1.0 0.0 1.0 7.50 27.00 3.20 1.3
1-USA LFA 46.5 5.6 7.0 12.2 16.9 4.4 4.0 1.8 0.9 0.0 0.8 7.45 16.75 3.33 1.825
1-USA LFACh 47.3 1.9 6.6 11.2 21.8 5.3 2.5 1.1 1.7 0.0 0.6 7.60 13.50 3.10 1.7
1-USA LFDa 46.7 4.2 6.6 13.2 19.2 3.6 3.0 1.2 1.2 0.0 1.2 7.70 12.00 3.70 0.9
Cepo LFA 69.6 3.0 3.2 6.9 11.0 3.6 1.2 0.0 0.0 0.0 1.6 8.20 12.50 3.45 1.95
10-Triton LFA 62.5 2.6 8.4 8.6 9.3 3.3 2.5 0.4 0.0 0.2 2.2 7.82 12.80 3.50 2.08
10-Triton LFACh 66.0 4.5 9.8 2.8 8.1 2.8 4.7 1.1 0.3 0.0 0.0 7.60 12.50 3.45 1.5
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Appendix A3.4 Minimum, maximum and mean percent normalized values of 
detrital framework grains and textural parameters arranged by compositional 
groups for all study samples. 
LFA 37.6 2.2 0.7 10.0 13.5 2.7 2.4 1.0 0.0 0.0 0.0 1.00 6.90 13.00 2.20
LFACh 41.9 0.6 3.8 7.6 6.7 4.5 2.3 0.5 0.0 0.0 0.0 1.00 6.70 13.00 2.20
LFDa 46.7 1.0 6.6 13.2 17.5 3.5 1.5 0.5 1.0 0.0 1.0 0.90 7.50 12.00 3.20
LFA 49.4 7.3 8.8 25.4 17.7 6.8 10.7 3.5 2.9 0.0 2.1 0.90 7.50 27.00 3.70
LFACh 49.7 10.2 7.6 24.3 23.2 6.5 7.0 2.2 2.8 0.0 2.3 1.60 7.70 24.00 3.70
LFDa 47.0 4.2 7.0 20.0 19.2 3.6 3.0 1.2 1.2 0.0 1.2 1.30 7.70 27.00 3.70
LFA 43.7 4.9 5.3 16.9 15.7 4.6 5.2 1.8 0.9 0.0 1.0 1.00 7.33 20.00 3.10
LFACh 46.3 3.9 5.3 17.1 14.5 5.4 4.4 1.0 1.0 0.0 1.0 1.00 7.27 20.17 3.00
LFDa 46.9 2.6 6.8 16.6 18.3 3.5 2.2 0.8 1.1 0.0 1.1 1.50 7.60 19.50 3.45
LFA 59.6 0.5 1.1 4.4 7.2 2.2 1.0 0.0 0.0 0.0 0.0 180.00 7.70 12.00 3.20
LFACh 65.0 3.4 9.4 2.2 7.2 2.8 4.5 1.1 0.0 0.0 0.0 150.00 7.50 12.00 3.20
LFA 73.9 5.6 10.5 12.4 15.7 5.3 3.9 1.0 0.5 0.4 3.6 240.00 8.30 14.00 3.70
LFACh 67.0 5.6 10.1 3.3 8.9 2.8 5.0 1.1 0.6 0.0 0.0 150.00 7.70 13.00 3.70
LFA 65.6 2.6 5.7 8.2 10.9 3.3 1.8 0.2 0.0 0.1 1.6 201.50 7.96 12.77 3.39
LFACh 66.0 4.5 9.8 2.8 8.1 2.8 4.7 1.1 0.3 0.0 0.0 150.00 7.60 12.50 3.45
LFA 37.6 0.5 0.7 4.4 7.2 2.2 1.0 0.0 0.0 0.0 0.0 1.00 6.90 12.00 2.20
LFACh 41.9 0.6 3.8 2.2 6.7 2.8 2.3 0.5 0.0 0.0 0.0 1.50 6.70 12.00 2.20
LFDa 46.7 1.0 6.6 13.2 17.5 3.5 1.5 0.5 1.0 0.0 1.0 0.90 7.50 12.00 3.20
LFA 73.9 7.3 10.5 25.4 17.7 6.8 10.7 3.5 2.9 0.4 3.6 2.40 8.30 27.00 3.70
LFACh 67.0 10.2 10.1 24.3 23.2 6.5 7.0 2.2 2.8 0.0 2.3 2.00 7.70 24.00 3.70
LFDa 47.0 4.2 7.0 20.0 19.2 3.6 3.0 1.2 1.2 0.0 1.2 1.30 7.70 27.00 3.70
LFA 57.9 3.4 5.5 11.3 12.6 3.8 3.0 0.8 0.3 0.0 1.4 1.89 7.74 15.30 3.29
LFACh 51.2 4.1 6.4 13.5 12.9 4.7 4.5 1.0 0.8 0.0 0.8 1.63 7.35 18.25 3.11
LFDa 46.9 2.6 6.8 16.6 18.3 3.5 2.2 0.8 1.1 0.0 1.1 1.10 7.60 19.50 3.45
Average 1st 
Group 45.1 4.2 5.5 16.9 15.6 4.8 4.5 1.4 1.0 0.0 1.0 1.59 7.34 20.00 3.11
S.D 3.7 2.9 2.0 5.5 4.2 1.2 2.3 0.9 0.9 0.0 0.7 0.32 0.29 5.46 0.50
Average 2nd 
Group 65.6 3.0 6.3 7.4 10.2 3.3 2.2 0.3 0.1 0.1 1.5 1.94 7.91 12.71 3.41
S.D 4.3 1.6 2.9 2.7 3.1 0.9 1.4 0.4 0.2 0.2 1.1 0.25 0.23 0.59 0.25
Avg G-S 
(mm)
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Qo Cb-c Ab-c Cl-c ITER ITRA Frac D-g D-c Mphi
ST -61 LFA 9.7 0.0 0.0 3.5 0.0 3.5 7.0 22.1 5.3 0.0 18.9 0.0 0.0 1.8 0.0 0.0
ST-61 LFACh 14.7 0.0 0.0 2.0 0.0 0.0 2.3 11.3 7.0 1.0 22.2 0.0 0.0 14.7 0.0 0.0
ST-61 LFDa 13.7 0.0 0.0 4.2 0.0 0.0 1.4 16.9 11.3 1.4 32.4 0.0 0.0 31.0 1.4 0.0
1-USA LFA 15.3 4.3 2.9 21.1 0.0 0.0 7.8 20.9 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-USA LFACh 19.3 2.0 5.0 34.0 0.0 2.4 8.5 22.0 2.4 0.0 0.0 0.0 0.0 7.3 1.0 0.0
1-USA LFDa 23.3 9.1 12.7 32.7 0.0 0.0 11.8 19.1 10.9 3.6 0.0 0.0 0.0 0.0 0.0 0.0
CEPO LFA 14.3 8.6 21.4 6.1 0.0 0.0 3.1 9.7 0.0 0.0 0.0 0.0 0.0 6.3 1.2 0.0
10-Triton LFA 15.3 3.1 6.0 21.7 0.0 0.0 0.0 15.4 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10-Triton LFACh 20.0 1.1 20.2 13.0 0.0 0.0 7.6 23.9 4.5 0.0 0.0 0.0 0.0 2.2 1.1 2.2
PMt 1-13E LFA 9.3 7.0 12.8 9.1 0.0 0.0 3.0 4.0 0.0 0.0 0.0 1.1 0.0 15.8 12.2 0.0
ST -61 LFA 20.0 8.9 0.0 7.1 0.0 5.4 12.6 37.5 8.9 2.3 33.7 0.0 3.6 22.1 1.1 1.2
ST-61 LFACh 20.0 12.8 1.2 7.2 0.0 1.0 7.8 19.6 13.7 2.1 29.4 1.0 0.0 36.1 7.1 2.0
ST-61 LFDa 13.7 0.0 0.0 4.2 0.0 0.0 1.4 16.9 11.3 1.4 32.4 0.0 0.0 31.0 1.4 0.0
1-USA LFA 20.7 8.0 11.1 30.8 4.3 7.8 18.7 34.7 14.5 2.2 0.0 0.0 0.0 5.8 1.4 0.0
1-USA LFACh 20.3 2.4 12.2 35.4 1.0 6.0 10.0 26.8 6.0 2.0 0.0 0.0 0.0 8.0 2.4 3.0
1-USA LFDa 23.3 9.1 12.7 32.7 0.0 0.0 11.8 19.1 10.9 3.6 0.0 0.0 0.0 0.0 0.0 0.0
CEPO LFA 18.7 14.3 36.6 12.5 0.0 10.7 14.3 22.5 2.5 0.0 0.0 1.0 0.0 13.3 16.3 8.6
10-Triton LFA 21.0 14.6 24.6 43.8 0.0 12.0 10.8 28.9 16.9 1.5 0.0 0.0 0.0 2.5 0.0 6.3
10-Triton LFACh 21.3 5.4 27.2 23.6 0.0 2.2 11.2 30.3 7.6 2.2 0.0 0.0 0.0 3.4 1.1 9.8
PMt 1-13E LFA 13.7 10.5 23.2 12.2 1.1 1.2 5.3 14.0 2.6 1.3 3.3 2.0 0.0 30.3 18.4 4.7
ST -61 LFA 15.2 4.4 0.0 5.3 0.0 4.7 8.9 28.3 7.1 0.8 24.1 0.0 1.2 14.6 0.5 0.4
ST-61 LFACh 16.8 5.4 0.5 4.5 0.0 0.2 4.6 14.8 10.0 1.5 25.7 0.5 0.0 28.5 2.9 0.7
ST-61 LFDa 13.7 0.0 0.0 4.2 0.0 0.0 1.4 16.9 11.3 1.4 32.4 0.0 0.0 31.0 1.4 0.0
1-USA LFA 17.9 5.9 7.2 25.5 1.4 3.8 11.8 29.6 11.4 1.4 0.0 0.0 0.0 1.7 0.4 0.0
1-USA LFACh 19.8 2.2 8.6 34.7 0.5 4.2 9.3 24.4 4.2 1.0 0.0 0.0 0.0 7.7 1.7 1.5
1-USA LFDa 23.3 9.1 12.7 32.7 0.0 0.0 11.8 19.1 10.9 3.6 0.0 0.0 0.0 0.0 0.0 0.0
CEPO LFA 16.3 10.8 30.5 10.3 0.0 3.7 7.8 15.7 0.9 0.0 0.0 0.3 0.0 9.9 6.1 4.0
10-Triton LFA 16.9 10.3 14.0 31.9 0.0 3.2 5.1 21.1 10.5 0.3 0.0 0.0 0.0 0.8 0.0 2.9
10-Triton LFACh 20.7 3.3 23.7 18.3 0.0 1.1 9.4 27.1 6.1 1.1 0.0 0.0 0.0 2.8 1.1 6.0
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Appendix A3.5 Minimum, maximum and mean percent normalized values of 
diagenetic and miscellaneous modifications by wells for all study samples. 
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Appendix A3.6 Minimum, Maximum and mean percent values of diagenetic and 
miscellaneous modifications arranged by compositional groups for all study 
samples. 
Qo Cb-c Ab-c Cl-c ITRG ITER Frac D-g D-c Mphi
LFA 9.7 0.0 0.0 3.5 0.0 0.0 7.0 20.9 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LFACh 14.7 0.0 0.0 2.0 0.0 0.0 2.3 11.3 2.4 0.0 0.0 0.0 0.0 7.3 0.0 0.0
LFDa 13.7 0.0 0.0 4.2 0.0 0.0 1.4 16.9 10.9 1.4 0.0 0.0 0.0 0.0 0.0 0.0
LFA 20.7 8.9 11.1 30.8 4.3 7.8 18.7 37.5 14.5 2.3 33.7 0.0 3.6 22.1 1.4 1.2
LFACh 20.3 12.8 12.2 35.4 1.0 6.0 10.0 26.8 13.7 2.1 29.4 1.0 0.0 36.1 7.1 3.0
LFDa 23.3 9.1 12.7 32.7 0.0 0.0 11.8 19.1 11.3 3.6 32.4 0.0 0.0 31.0 1.4 0.0
LFA 16.8 5.2 4.1 16.9 0.8 4.2 10.6 29.0 9.5 1.2 10.3 0.0 0.5 7.2 0.4 0.2
LFACh 17.8 4.4 3.2 14.5 0.2 1.6 6.1 18.0 8.1 1.4 17.1 0.3 0.0 21.6 2.5 1.0
LFDa 18.5 4.5 6.4 18.5 0.0 0.0 6.6 18.0 11.1 2.5 16.2 0.0 0.0 15.5 0.7 0.0
LFA 9.3 3.1 6.0 6.1 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LFACh 20.0 1.1 20.2 13.0 0.0 0.0 7.6 23.9 4.5 0.0 0.0 0.0 0.0 2.2 1.1 2.2
LFA 21.0 14.6 36.6 43.8 1.1 12.0 14.3 28.9 16.9 1.5 3.3 2.0 0.0 30.3 18.4 8.6
LFACh 21.3 5.4 27.2 23.6 0.0 2.2 11.2 30.3 7.6 2.2 0.0 0.0 0.0 3.4 1.1 9.8
LFA 15.2 9.8 20.6 18.7 0.1 2.4 5.7 16.0 4.8 0.3 0.4 0.5 0.0 11.1 6.4 3.2
LFACh 20.7 3.3 23.7 18.3 0.0 1.1 9.4 27.1 6.1 1.1 0.0 0.0 0.0 2.8 1.1 6.0
LFA 9.3 0.0 0.0 3.5 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LFACh 14.7 0.0 0.0 2.0 0.0 0.0 2.3 11.3 2.4 0.0 0.0 0.0 0.0 2.2 0.0 0.0
LFDa 13.7 0.0 0.0 4.2 0.0 0.0 1.4 16.9 10.9 1.4 0.0 0.0 0.0 0.0 0.0 0.0
LFA 21.0 14.6 36.6 43.8 4.3 12.0 18.7 37.5 16.9 2.3 33.7 2.0 3.6 30.3 18.4 8.6
LFACh 21.3 12.8 27.2 35.4 1.0 6.0 11.2 30.3 13.7 2.2 29.4 1.0 0.0 36.1 7.1 9.8
LFDa 23.3 9.1 12.7 32.7 0.0 0.0 11.8 19.1 11.3 3.6 32.4 0.0 0.0 31.0 1.4 0.0
LFA 15.8 8.2 14.8 18.0 0.3 3.1 7.4 20.5 6.4 0.6 3.9 0.3 0.2 9.7 4.4 2.1
LFACh 18.5 4.1 8.3 15.5 0.1 1.4 7.0 20.3 7.6 1.3 12.8 0.2 0.0 16.9 2.2 2.3
LFDa 18.5 4.5 6.4 18.5 0.0 0.0 6.6 18.0 11.1 2.5 16.2 0.0 0.0 15.5 0.7 0.0
Average 1st 
Group 17.4 4.8 4.1 16.1 0.4 2.6 8.3 23.1 9.2 1.4 13.8 0.1 0.2 14.1 1.4 0.5
S.D 3.4 3.7 4.9 13.2 1.1 2.7 4.5 7.9 3.3 1.1 14.0 0.4 0.9 13.6 1.9 0.9
Average 2nd 
Group 15.9 8.9 21.6 19.3 0.1 2.3 6.3 17.7 5.2 0.4 0.4 0.4 0.0 8.5 5.1 3.5
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Appendix A3.7 Raw percentage abundance and normalized values of whole 
rock composition of all study samples. 
Q = Total quartz (Qm, monocrystalline quartz + Qp, policrystalline quartz + Ch, chert);
K = K-Feldspar; P = Plagioclase; Lt = Lithics (Ls, Lithic sedimentary + Lv, Lithic
volcanic + Lm = Lithic metamorphic); T-Cl = Total Clays (Pseudomatrix+Cl-c, Clay
cement+Cl-L, Clay as pore linnings+Cl-R, clay as replacement of chert, feldspar -
mostly plagioclase, mud clast and Lt, Lithic volcanic and or lithic methamorphic+
pseudomatrix); M= Micas (Mus, Muscovite+Bio, Biotite) 
Cb-D= Carbonate detrital; M= Micas (Mus, Muscovite+Bio, Biotite); OM= Detrital
Organic matter. 
%Q %K %P %Lt %T-Cl %Cb-D %M %OM Matrix %Q %K %P %Lt %T-Cl %Cb-D %M %OM Matrix
LFA 399.2 28.3 15.7 9.3 3.3 9.3 3.0 1.0 1.0 8.3 35.7 19.7 11.8 4.2 11.8 3.8 1.3 1.3 10.5
LFA 404.2 28.0 12.0 8.0 2.7 15.0 6.3 2.0 0.3 6.7 34.6 14.8 9.9 3.3 18.5 7.8 2.5 0.4 8.2
LFACh 457.2 34.7 10.0 7.7 4.0 9.0 4.3 0.7 0.7 7.0 44.4 12.8 9.8 5.1 11.5 5.6 0.9 0.9 9.0
LFACh 463.1 31.0 14.3 5.7 2.7 4.7 3.7 0.3 1.3 8.7 42.9 19.8 7.8 3.7 6.5 5.1 0.5 1.8 12.0
LFACh 470.3 31.7 11.7 8.7 2.7 11.3 1.7 1.0 1.0 5.7 42.0 15.5 11.5 3.5 15.0 2.2 1.3 1.3 7.5
LFACh 485.5 34.7 11.7 4.0 3.7 7.0 3.3 2.0 0.0 6.3 47.7 16.1 5.5 5.0 9.6 4.6 2.8 0.0 8.7
LFDa 570.4 36.7 13.3 11.7 2.3 4.3 1.0 1.0 0.7 5.0 48.2 17.5 15.4 3.1 5.7 1.3 1.3 0.9 6.6
LFA 591.5 23.3 12.0 6.7 2.3 11.0 2.7 1.7 0.7 3.7 36.5 18.8 10.4 3.6 17.2 4.2 2.6 1.0 5.7
LFA 10,732.0 35.7 8.7 11.0 1.7 14.7 3.0 1.0 1.3 8.7 41.6 10.1 12.8 1.9 17.1 3.5 1.2 1.6 10.1
LFA 10,736.0 37.3 7.0 8.7 3.0 14.3 2.7 0.7 0.3 5.7 46.9 8.8 10.9 3.8 18.0 3.3 0.8 0.4 7.1
LFDa? 10,737.5 32.0 7.3 10.7 2.0 14.7 1.7 1.3 0.7 6.7 41.6 9.5 13.9 2.6 19.0 2.2 1.7 0.9 8.7
LFA 10,756.0 36.0 8.3 11.3 4.3 10.0 2.7 1.0 0.3 7.3 44.3 10.2 13.9 5.3 12.3 3.3 1.2 0.4 9.0
LFACh 10,765.0 36.7 4.7 14.3 3.0 11.0 1.7 1.3 0.0 5.7 46.8 6.0 18.3 3.8 14.0 2.1 1.7 0.0 7.2
LFACh 10,774.0 30.7 8.7 12.0 3.3 13.3 1.3 2.0 0.7 5.0 39.8 11.3 15.6 4.3 17.3 1.7 2.6 0.9 6.5
LFA 10,794.8 34.3 5.7 10.0 1.7 16.3 1.3 3.7 0.0 8.7 42.0 6.9 12.2 2.0 20.0 1.6 4.5 0.0 10.6
LFA 13,262.5 48.3 2.7 4.7 2.3 10.0 0.7 0.0 1.3 3.7 65.6 3.6 6.3 3.2 13.6 0.9 0.0 1.8 5.0
LFA 13,267.4 47.3 5.7 4.7 1.3 11.0 1.0 0.0 1.7 2.7 62.8 7.5 6.2 1.8 14.6 1.3 0.0 2.2 3.5
LFA 13,276.5 45.0 4.3 9.7 3.3 8.0 0.7 0.0 0.3 3.3 60.3 5.8 12.9 4.5 10.7 0.9 0.0 0.4 4.5
LFA 13,280.6 48.7 4.7 8.7 2.0 15.3 0.7 0.0 0.7 3.0 58.2 5.6 10.4 2.4 18.3 0.8 0.0 0.8 3.6
LFACh 13,280.0 48.0 1.3 5.3 1.7 12.0 2.7 0.7 0.0 7.0 61.0 1.7 6.8 2.1 15.3 3.4 0.8 0.0 8.9
LFACh 13,287.5 48.0 2.0 4.3 1.7 12.7 3.0 1.0 0.0 8.3 59.3 2.5 5.3 2.1 15.6 3.7 1.2 0.0 10.3
LFA 13,303.7 48.7 5.0 6.0 3.0 17.0 2.7 0.3 2.0 4.3 54.7 5.6 6.7 3.4 19.1 3.0 0.4 2.2 4.9
LFA 13,314.0 52.0 8.7 5.0 2.0 9.0 0.7 0.0 1.0 2.7 64.2 10.7 6.2 2.5 11.1 0.8 0.0 1.2 3.3
LFA 13,318.0 44.7 4.0 9.3 2.7 12.0 2.0 0.7 2.3 4.7 54.3 4.9 11.3 3.2 14.6 2.4 0.8 2.8 5.7
LFA 13,321.8 52.0 6.7 6.0 1.7 9.3 1.7 0.3 1.7 4.0 62.4 8.0 7.2 2.0 11.2 2.0 0.4 2.0 4.8
LFA 13,324.8 58.3 5.7 5.7 2.0 5.7 1.7 0.0 0.7 4.3 69.4 6.7 6.7 2.4 6.7 2.0 0.0 0.8 5.2
LFA 13,332.4 49.7 5.0 7.7 1.7 7.0 1.0 0.0 0.7 1.7 66.8 6.7 10.3 2.2 9.4 1.3 0.0 0.9 2.2
LFA 13,344.4 50.0 7.0 7.3 1.7 6.7 0.7 0.0 0.7 4.0 64.1 9.0 9.4 2.1 8.5 0.9 0.0 0.9 5.1
LFA 13,350.4 43.0 6.0 8.7 2.7 4.7 1.3 0.3 1.0 2.7 61.1 8.5 12.3 3.8 6.6 1.9 0.5 1.4 3.8
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Appendix 3.8.1 Angular grains with quartz overgrowth CSM Strat Test #61 at 457.2 ft.



















































Appendix 3.8.2 Dissaggredation of polycrystalline quartz with a later fill of organic
matter and clays CSM Strat Test #61 at 399.2 ft. (A) crossed polars and (B) plane




















































Appendix 3.8.3 Oolitic chert in CSM Strat Test #61 at 399.2 ft. (A) crossed polars and



















































Appendix 3.8.4 (a) Chlorite replacing biotite in CSM Strat Test #61 at 399.2 ft. (PPL























































Appendix 3.8.5 Glauconite grain near to bent biotite.  1-USA Amoco well 13,756 ft. (A)
























































Appendix 3.8.6 Grains of replaced fossil, (A) Fossil replaced by clays 10Triton at

























































Appendix 3.8.7 (A) Rutile needles on quartz surface 10-triton at 13,324 ft (XPL 10 x) (B)





















Appendix 3.9 Conventional core analyses results for CSM Strat Test #61, Cepo 21-18
and Powder Mountain 1-13E wells. 
W
EL
L Refe-    
rence # Depth
He       
porosity
Air       
perm     
(md)
Klink     
(md)
Water    
saturat. Oil sat.
Grain   
density
1 13250.50 6.20 0.01 0.002 41.6 0.0 2.68 Sst vf-f gr calc
2 13258.50 7.10 0.00 0.001 42.6 0.0 2.67 Sst vf-f gr calc wvy lam
3 13259.50 8.60 0.01 0.004 50.6 0.0 2.66 Sst vf-f gr calc
4 13260.40 7.90 0.01 0.005 48.1 0.0 2.66 Sst vf-f gr sl calc qtz ovrgths
5 13261.40 8.90 0.03 0.012 47.9 0.0 2.66 Sst vf-f gr sl calc qtz ovrgths
6 13262.50 9.80 0.05 0.023 51.1 0.0 2.66 Sst vf-f gr sl calc qtz ovrgths
7 13263.50 10.10 0.05 0.027 49.6 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
8 13264.50 10.50 0.06 0.033 52.0 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
9 13265.40 10.40 0.06 0.029 52.0 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
10 13266.50 10.70 0.08 0.041 50.9 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
11 13267.40 10.70 0.07 0.035 54.9 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
12 13268.50 10.40 0.07 0.037 53.2 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
13 13269.50 11.10 0.09 0.051 53.5 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
14 13270.50 11.00 0.09 0.051 53.4 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
15 13271.60 10.70 0.08 0.043 52.9 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
16 13272.50 10.30 0.07 0.034 51.3 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
17 13273.50 10.30 0.05 0.027 50.1 0.0 2.67 Sst f gr v sl calc tr qtz ovrgths
18 13274.50 10.20 0.05 0.027 53.0 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
19 13275.50 10.10 0.06 0.033 56.3 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
20 13276.50 9.60 0.05 0.025 54.9 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
21 13277.50 7.90 0.01 0.004 58.5 0.0 2.67 Sst vf-f gr v sl calc sl lam
22 13278.50 8.90 0.02 0.009 55.4 0.0 2.67 Sst f gr v sl calc tr qtz ovrgths
23 13279.50 10.40 0.06 0.031 56.2 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
24 13280.60 10.60 0.07 0.035 54.6 0.0 2.65 Sst f gr v sl calc tr qtz ovrgths
25 13281.50 10.70 0.05 0.028 51.8 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
26 13282.50 10.60 0.04 0.021 56.8 0.0 2.66 Sst f gr v sl calc tr qtz ovrgths
1 13330.60 9.20 0.04 0.018 56.3 0.0 2.66 Sst vf-m gr calc cmt abd mf min
3 13333.70 6.40 0.00 0.00 60.1 0.0 2.66 Sst vf-m gr calc cmt abd mf min
4 13343.50 6.60 0.01 0.001 55.5 0.0 2.66 Sst vf-m gr calc cmt abd mf min
5 13344.40 7.20 0.01 0.002 49.7 0.0 2.66 Sst vf-m gr calc cmt abd mf min
6 13345.50 7.00 0.01 0.003 59.7 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
7 13346.50 6.10 0.01 0.003 57.9 0.0 2.66 Sst vf-m gr calc cmt abd mf min
8 13347.50 6.30 0.00 0.001 62.4 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
9 13349.60 8.20 0.01 0.005 50.6 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
10 13350.40 9.00 0.02 0.007 53.7 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
11 13351.50 9.10 0.02 0.010 48.2 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
12 13352.50 9.10 0.03 0.013 51.1 0.0 2.66 Sst vf-m gr calc cmt abd mf min
13 13353.60 10.10 0.04 0.017 52.3 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
14 13354.40 10.30 0.05 0.023 50.4 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
15 13355.50 10.00 0.04 0.021 48.6 0.0 2.66 Sst vf-m gr calc cmt abd mf min m-frac
16 13356.60 10.00 0.04 0.021 50.1 0.0 2.66 Sst vf-m gr calc cmt abd mf min
17 13357.60 9.80 0.04 0.018 60.7 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
18 13358.60 9.20 0.03 0.013 59.6 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
19 13359.40 9.10 0.03 0.011 55.8 0.0 2.66 Sst vf-m gr calc cmt abd mf min
20 13360.50 8.00 0.01 0.005 53.6 0.0 2.66 Sst vf-m gr calc cmt abd mf min tr carb
21 13361.40 7.30 0.01 0.003 49.3 0.0 2.66 Sst vf-m gr calc cmt abd mf min
22 13363.50 6.30 0.00 0.001 44.8 0.0 2.66 Sst vf-m gr calc cmt abd mf min
23 13364.60 5.60 0.00 0.001 62.8 0.0 2.66 Sst vf-m gr calc cmt abd mf min
24 13365.50 6.10 0.00 0.001 57.0 0.0 2.67 Sst vf-m gr calc cmt abd mf min
25 13366.50 4.90 0.00 0.00 61.7 0.0 2.66 Sst vf-m gr calc cmt abd mf min
26 13367.50 5.70 0.01 0.002 65.2 0.0 2.66 Sst vf-m gr calc cmt abd mf min lam
27 13368.50 3.50 0.00 0.00 71.6 0.0 2.66 Sst vf-m gr calc cmt abd mf min
2 13332.40 6.90 0.52 0.370 51.4 0.0 2.66 Sst vf-m gr calc cmt abd mf min frac
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